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Excessive BP and HR elevations during daily activities increase 
cardiovascular risk and are related to individual differences in dispositional anger and 
anger expression style. Additionally, the high acting Hi allele of a polymorphism in 
the serotonin transporter gene (5HTTLPR) has previously been shown to contribute 
to coronary heart disease pathogenesis via effects on sympathetically-mediated BP 
reactivity to psychological stress. The potential unique and joint effects of 5HTTLPR 
genotype, anger expression style (anger-in and outward-anger) and naturally-
occurring negative affect on cardiovascular responses were investigated with the goal 
of documenting how these effects differed for Singaporean ethnic and gender groups. 
Healthy undergraduate students (N=229) wore ambulatory BP monitors and 
completed computerized self-report assessments for three days. Negative emotion 
variables were rated following each ambulatory BP measurement, as were activity, 
posture and other covariates. Ethnic differences were obtained where HR increased 
with increasing levels of negative affect for Chinese with high anger-in and Malays 
with low anger-in, but decreased for their respective counterparts. An additional 
effect found negative affect related to decreased SBP for Chinese and increased SBP 
for Malays. In a three-way interaction, decreased SBP for Chinese and increased SBP 
for Malays were again found but for the HiLo genotype group. No significant patterns 
for Indians were found. 
Interestingly, negative relationships with DBP were obtained for males in a 
two-way interaction with negative affect and a three-way interaction with a negative 





for males whereas females showed no relationship between negative affect and DBP. 
Decreased DBP was also observed with greater anger for males with the HiLo 
genotype in a three-way interaction with situational anger. Additionally, increasing 
levels of OA related to increased HR for males, however females showed decreased 
HR. A final three-way interaction showed increasing levels of negative affect to be 
unrelated to HR for males with high anger-in but increased HR for males with low 
AI. Females showed an expected pattern with high AI relating to increased HR and 
low AI to decreased HR as a function of stress. 
Additional results showed 5HTTLPR genotype to influence physiological 
measures taken throughout the entire ambulatory monitoring period and not only in 
response to greater negative affect. 5HTTLPR genotype had differing effects on 
average levels of BP for Chinese and Malay males. Chinese males with the LoLo 
genotype had significantly higher average DBP and MAP than their HiLo 
counterparts. In contrast, Malay males with the LoLo genotype generally showed 
lower DBP and MAP averages than the HiLo group. A final interaction with genotype 
showed increasing levels of frustration to be associated with increased HR for 
participants with the LoLo genotype and low anger-in and decreased HR for their 
high anger-in counterparts.  
 Together, these results replicate previous findings demonstrating ethnic 
differences in physiological responses to stress, provide gender differences in 
reactivity as well as provide preliminary findings regarding the 5HTTLPR genotype 
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Coronary heart disease (CHD) is a leading cause of death and disability 
world-wide. Cardiovascular mortality is projected to double globally between 1990 
and 2020 and to be the single largest cause of disease burden by the year 2020 (World 
Health Organization, 1999). Developing countries are expected to shoulder 
approximately 80% of the increased disease burden (Ounpuu & Yusuf, 2003). CHD 
morbidity and mortality has risen in tandem with socio-economic development and 
urbanization and this rise has now been documented in many South-east Asian 
countries (Khoo et al., 2003). 
One country in particular, the island nation of Singapore, has swiftly changed 
from a developing nation to a developed one during the last three decades (Lee et al., 
2001). Having undergone rapid socioeconomic development and subsequent lifestyle 
change, Singapore has already experienced the CHD epidemic that has affected many 
Western industrialized countries (Dwyer et al., 2003). Now an urbanized city-state 
with an aging population, Singapore’s burden of disease has shifted from infectious to 
chronic degenerative diseases (Ho et al., 2006; Yusuf et al., 2001). By 1990, heart 
disease was the second leading cause of death after cancer (Seow & Lee, 1994). As of 
1999, Singapore’s age-standardized CHD death rate (100/100,000) was among the 
highest of Southeast Asian nations (higher than Japan (22/100,000) and Hong Kong 
(40/100,000) and comparable to those in the U.S. (125/100,000) and Australia 
(97/100,000)) (Ho et al., 2006). 
As a result of national-level programs (on exercise, diet, and smoking) 
initiated in the 1990s (Meng-kin, 1998), annual declines in coronary mortality have 
  
2
been observed (Ounpuu & Yusuf, 2003). Reductions in mortality, however, far 
exceed decreases in CHD incidence resulting in an increased prevalence of patients 
with CHD (Mak et al., 2003). Interestingly, the impact of rapid westernization and 
lifestyle changes upon clinical events may be greater for certain populations in South-
east Asia. (Tai & Tan, 2004). Singapore has  a multiethnic population (77% Chinese, 
14% Malay, 8% Asian Indian) of 4.58 million (Singapore Department of Statistics, 
2007). However, despite the similarities in living conditions, the impact of rapid 
urbanization appears to have had a differential effect on CHD risk in each of the 
major ethnic groups in Singapore (Tai & Tan, 2004).  
There is established evidence that the rates of CHD vary among Singapore’s 
ethnic groups. Several studies have shown that Asian Indians have an approximately 
threefold increased risk of CHD compared with Chinese, and Malays exhibit an 
intermediate level of risk (Hughes et al., 1990a; Lee et al., 2001; Mak et al., 2003). 
From 1991 to 1998, Indian males in Singapore had an average heart disease mortality 
rate that was 1.81 times higher than Malay males and 2.69 times higher than Chinese 
males (Registry of Births and Deaths, 1991). Malay males had an average 
hypertension mortality rate that was 1.56 times higher than Chinese males and 1.44 
times higher than Indian males (Registry of Births and Deaths, 1991). From 1991 to 
1999, Chinese males had the lowest incidence (per 100,000) of myocardial infarction 
(MI) and were the only ethnic group that showed no increase in incidence of MI over 
the nine-year period (Mak et al., 2003; Tai & Tan, 2004).  Similar but less marked 
patterns were observed for females. These large differences in a small country with 
complete urbanization and a readily accessible health care system raise major 
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questions as to the risk factors operative among the ethnic groups in Singapore (Mak 
et al., 2003).  
To help account for the higher susceptibility of Indians to CHD, studies 
linking biological and behavioral risk factors to cardiovascular disease comprised a 
first wave of research. Several cross-sectional studies have attempted to determine the 
cause of these ethnic inequalities through examining ethnic differences in the 
prevalence of risk factors. The heightened occurrence of MI among Indians in 
Singapore may be explained, in part, by the higher prevalence of diabetes mellitus 
and lower high-density lipoprotein levels observed in this group (Hughes et al., 
1990b). The prevalence of diabetes has been found to be highest among Indians 
(14.5%) compared with Chinese (7%) or Malays (10.7%) (Hughes et al., 1990b). 
Additionally, Hughes et al. (1997) found Indians to have more features of the 
metabolic syndrome such as central obesity and insulin resistance as well as higher 
levels of thrombogenic factors (such as elevated plasminogen activator inhibitor type 
1 and lipoprotein(a)), which partly explains their increased susceptibility to CHD.  
However, current evidence indicates that the unfavorable CHD rates for 
Indians have not been fully explained by traditional risk factors such as dietary intake 
(Mak et al., 2003). Malays have the highest intake of saturated fats (31.6 g) followed 
by Indians (27.5 g) and Chinese (25.7 g), whereas Indians have the lowest cholesterol 
intake (211 mg) followed by the Malays (272 mg) and Chinese (283 mg) (Department 
of Nutrition, 1998). Additionally, Indians are most likely to get regular exercise 
whereas Malays have the highest rates of cigarette smoking (Research and Evaluation 
Department, 1993). Also, there are few differences between the groups in body mass 
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index (Hughes et al., 1990b). Importantly, other risk factors such as hypertension, 
alcohol consumption, physical activity, or general obesity have not accounted for the 
higher susceptibility of Indians in Singapore to CHD (Hughes et al., 1990b) 
Worldwide, such traditional risk factors presently explain approximately 75–
85% of new cases of CHD (World Health Organization, 2003). In one large study 
spanning 52 countries, substantial portions of the population-attributable risk for MI 
were associated with established risk factors such as lipids (49.2%), smoking 
(35.7%), and hypertension (17.9%) (Yusuf et al., 2004). Although many individuals 
who develop CHD have at least one of these risk factors (Greenland et al., 2003), they 
do not fully account for or explain the excess burden of cardiovascular diseases in the 
population (Everson-Rose & Lewis, 2005). 
As standard risk factors incompletely predict disease occurrence, a broad 
range of psychological and social characteristics have been investigated in relation to 
CHD (Everson-Rose & Lewis, 2005). Independently of physical factors, psychosocial 
factors such as depression (Hemingway & Marmot, 1999; Wulsin & Singal, 2003), 
hostility (Miller et al., 1996), anxiety (Kubzansky et al., 1997), work stress (Schnall 
et al., 1994), low socioeconomic status (Adler et al., 1993; Kaplan & Keil, 1993), and 
lower social support (Williams et al., 1992) play an important and clinically 
significant role in the etiology, pathogenesis, and course of CHD. Of the broad range 
of psychosocial domains, etiological importance has been given to negative emotional 
states and personality factors in the manifestation of CHD (Everson-Rose & Lewis, 
2005). Research on the role of personality and emotion has identified anger as 
significant in the development of CHD and individuals showing maladaptive patterns 
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of emotional responding (anxiety, hostility, depression, excessive anger) have been 
shown to be at greater risk (Booth-Kewley & Friedman 1987; Siegman & Smith, 
1994). 
Psychosocial factors, which of themselves have no direct effects on the 
pathologic changes in the body, can contribute to disease pathogenesis only via 
biological pathways that are proximally involved (Williams, 2008). Cardiovascular 
reactivity (CVR) to acute mental stress has been proposed as an important process 
linking negative emotional traits to the pathogenesis of CHD (Williams, 2008). 
Emotions can cause exaggerated reactivity to various challenges. Episodes of intense 
anger, for example, have been shown to trigger MI, via sympathetically mediated 
acute surges in blood pressure (BP) and heart rate (HR) (Williams, 2008). BP surges 
in the setting of acute psychological stress contribute, through increased flow 
turbulence at arterial branch points, to endothelial damage (Williams, 2006). 
Endothelial injury increases the build-up rate of atherosclerotic plaques (Kher & 
Marsh, 2004). Through this pathway, negative emotional states can lead to heightened 
physiological responses and to the precipitation of clinical events. 
Importantly, it is well documented that persons with high levels of anger (or 
the cognitive counterpart of anger - hostility), exhibit larger cardiovascular and 
neuroendocrine responses to stress (Suarez at al., 1998). In Singapore, different 
patterns in CVR have emerged in Asian ethnic groups as a function of dispositional 
anger and hostility. These patterns in CVR have already been shown to be consistent 
with ethnic cardiovascular disease patterns in Singapore (Why et al., 2003; 
Enkelmann et al., 2005). To attempt to explain the interracial differences in CVR and 
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to better understand the pathogenesis of CHD, this thesis examines genetic factors 
that are just beginning to be explored.  
The process through which heightened CVR to stress mediates the pathogenic 
effect of anger may become clear by examining variations in genetic sequences that 
can contribute to significant measurable variance in the central nervous system (CNS) 
(Williams et al., 2003). CNS serotonergic function has been implicated as a driver of 
a clustering of negative moods, risky health behaviors and altered biological functions 
that increase disease risk in certain individuals and groups (Williams et al., 2003). 
Serotonin (5-HT) is critical for the development of emotional circuitry in the brain 
(Gaspar et al., 2003) and altered CNS serotonergic activity can modify neural 
connections and cause permanent elevations in anxiety related behaviors (Pezawas et 
al., 2005). The 5-HT transporter (5-HTT) plays a crucial role in serotonergic 
neurotransmission by facilitating reuptake of 5-HT from the synaptic cleft (Heils et 
al., 1996). Given the pivotal role of 5-HTT in controlling 5-HT neurotransmission, it 
is of great interest that this function is itself under genetic regulation (Hariri & 
Holmes, 2006). 
Lesch et al. (1996) described a relatively common genetic polymorphism in 
the promoter region of the serotonin transporter gene (5HTTLPR). Having one or two 
copies of the short, s allelic form of this polymorphism was associated with lower 5-
HTT mRNA expression, reduced 5-HT uptake in lymphoblasts and significantly 
lesser 5-HTT binding in the brain, relative to having two copies of the long, l allelic 
variant (Lesch et al., 1996; Heinz et al., 2000). Lesch et al. (1996) also reported that 
individuals carrying the s allele scored higher on several facets of the personality 
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dimension of neuroticism (including anxiety, angry hostility, depression, and 
impulsiveness) than ll homozygotes (Lesch et al., 1996). The relative loss of 5-HTT 
gene function in s allele carriers not only biases towards increased anxiety but exerts 
a negative influence on the capacity to cope with stress (Hariri & Holmes, 2006). 
Thus, there is evidence for associations between indices of CNS serotonin function 
and health-damaging psychological and behavioral characteristics that tend to cluster 
in the same individuals and groups (Williams et al., 2001). 
Importantly, variance in CNS 5-HT function may also contribute to CHD 
pathogenesis via effects on sympathetically mediated BP reactivity to psychological 
stress (Williams et al., 2001). Williams et al. (2001) found the more transcriptionally 
efficient long (l) allele of the polymorphism to be associated with elevated systolic 
(SBP) and diastolic blood pressure (DBP) both at rest and in response to acute mental 
stress. Other studies have found the l allele to be associated with increased risk of MI 
(Fumeron et al., 2002). These studies suggest that variation in candidate genes can 
underlie the tendency of some individuals to exhibit increased CVR to stress and the 
consequent increased risk of developing CHD (Williams, 2006). Assessing the links 
between 5HTTLPR genotype, anger and CVR is important to understanding how 
individual difference variables confer risk for CHD.   
The low incidence of CHD for Chinese and the relatively striking excess 
incidence for Indians are high priority targets for research directed at unraveling 
gene-environment interactions (Mak et al., 2003). As this study seeks to ascertain, 
5HTTLPR genotype may play an important role in the cardiovascular responses of 
Singapore’s ethnic groups. In addition to possible ethnic interactions, 5HTTLPR 
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genotype may differentially affect the physiological responses of males and females 
and further interact with personality variables such as anger expression style and trait 
anger (TA). In this regard, this investigation employs a natural setting that enables the 
ambulatory measurement of physiological variables and their relationship to the 
experience of daily negative affect. The reporting of the experience of negative affect 
is a marker of emotional activation or stress in the daily environment. The assessment 
of this range of CVR determinants (5HTTLPR genotype, ethnicity, gender, TA/anger 
expression style and negative affect) have not previously been attempted in this 
manner. 
1.1 Dispositional anger 
Trait anger and habitual anger-expression styles are personality traits that are 
ideal for the investigation of gene and environment interactions of CVR. Since the 
classic work of Alexander (1939), numerous studies have examined hostility and 
anger expression as potential modifiers of cardiovascular activation during stress 
(Diamond, 1982; Siegman & Smith, 1994; Bongard et al., 1998). Interest in anger, 
hostility and aggressiveness (“the AHA syndrome”) (Spielberger, 1985) also evolved 
from the literature for the Type A behavior pattern (TABP), identified by Friedman 
and Rosenman (1974) as a pool of characteristics that increase the risk of CHD. 
Subsequent research has shown that, among the multiple elements encompassed in 
the TABP, particularly anger and hostility contribute to the prediction of CHD 
incidence (Siegman & Smith, 1994). These broad and stable traits reflect 
consistencies in the general affective experience and behavior of individuals and have 
much explanatory and predictive power (Denollet et al., 2000). 
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Although trait anger and hostility are often used interchangeably, they are 
distinct constructs (Smith, 1992). Hostility is a stable cognitive mechanism that 
triggers anger and is characterized by cynicism and a general lack of trust in others 
(Raikonnen et al., 1999). Anger is considered one component of a broader, 
multidimensional construct that includes hostility and aggressive behavior (Smith, 
1992; Spielberger et al., 1985) and has both trait and situational aspects (Everson-
Rose & Lewis, 2005). TA refers to the stable tendency to experience frequent and 
pronounced emotional states of anger and in response to a variety of situations (Smith 
& Glazer, 2004). Modes of anger expression or anger-coping styles refer to individual 
differences in the tendency to outwardly express aggressive behavior when angry 
(anger-out or AO) or withhold and suppress such expressions (anger-in or AI) (Smith 
& Glazer, 2004). Both AO and AI can be characterized as resentful styles that 
prolong feelings of anger and thus sustain elevations in BP (Everson et al., 1998). 
Anger (and the associated anger expression style) readily initiate and prolong 
negative emotional and physiological changes (Siegman, 1993). 
Usually arising from a perceived demeaning offense or personal injustice 
(Lazarus, 1991), anger typically increases HR and both SBP and DBP (Siegman, 
1993; Sinha et al., 1992; Fredrickson et al., 1999). When faced with aggression, a 
defensive behavioral system might be activated (Dorr et al., 2007). The experience of 
anger might involve the activation of the ‘fight or flight’ response with a general shift 
toward sympathetic autonomic activity (Dorr et al., 2007).  While experiences of 
anger are not unique to hostile individuals, such individuals may be prone to creating 
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frequent episodes of anger and the potential for negative affect in their daily lives, in 
addition to being more physiologically reactive to emotional stressors (Smith, 1992).  
Anger is detrimental because it activates a predisposition for the potentially 
harmful influences of stress-induced affect through heightened CVR. A conceptual 
link is made to the psychophysiological reactivity model proposed by Williams, 
Barefoot, and Shekelle (1985), which argues that individuals high in hostility or anger 
tend to show exaggerated psycho-physiological, and particularly CVR to certain types 
of stressful situations. High levels of CVR are subsequently related to higher risk for 
the development and exacerbation of cardiovascular disease (Williams et al., 1985).  
Such individuals, experiencing anger more frequently and intensely, may show 
greater increases in HR, BP, and secretion of stress-related hormones when faced 
with certain types of stressors (Williams et al., 1985).  
1.2 Hypothesized mechanisms to CHD  
Heightened cardiovascular responses may serve as an initiating factor in 
facilitating the atherosclerotic process by causing arterial wall damage through rapid 
and excessive alterations in blood flow turbulence (Larkin & Semenchuk, 1995). The 
cells’ adaptive response to the endothelial cell injury involves platelet aggregation 
and adherence at the injured site, resulting in smooth muscle cell proliferation and 
restoration of the arterial wall (Larkin & Semenchuk, 1995). Psychosocial risk factors 
can potentially disrupt this normal sequence of events, by causing exaggerated 
responses to recurrent endothelial cell injury, the result of which is increased 
accumulation of tissue and hypercholesterolemia. The regenerative tissue 
theoretically calcifies rather than returning to its original plasticity and the increased 
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accumulation of lipids within the arterial wall facilitates atherosclerosis, where blood 
flow is increasingly restricted (Larkin & Semenchuk, 1995). This compromised blood 
flow often predates arterial blockage that results from the gradual closing up of the 
arteries or the formation of a blood clot - the result of a piece of circulating tissue 
breaking off and occluding a particular site where it has become too narrow to pass 
through (Larkin & Semenchuk, 1995). The loss of blood flow in the coronary arteries 
consequently results in the degeneration and death of cells distal to the occluded site, 
resulting in an MI (Larkin & Semenchuk, 1995).  
To illustrate the effects of reactivity, in a study of middle-aged Finnish men, 
DBP responses to mental stress were significantly associated with ultrasound 
measures of intima-medial thickness and plaque height of the common carotid 
arteries (Kamarck et al., 1997). The data suggested an additional .02 to .03 mm of 
carotid artery thickness - a marker of atherosclerosis, for every mmHg of stress-
related BP responsiveness (Kamarck et al., 1997).  
Other effects of increased autonomic nervous system activation include 
increased sheer stress, vasoconstriction and the secretion of catecholamines, which 
subsequently contribute to lipid mobilization and platelet aggregration (Ross & 
Glomset, 1973). Hostile individuals, compared to their non-hostile counterparts, have 
higher circulating levels of catecholamines and higher cortisol levels, both of which 
injure endothelial cells (Suarez et al., 1998; Pope & Smith, 1991) The hypothalamic-
pituitary axis which is activated in response to fear, anxiety, anger, and stress can 
result in hormonal and neuroendocrine alterations, including hypercortisolemia or 
excess glucocorticoid secretion (Seeman et al., 1997). Such alterations sustained over 
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time can contribute to hypertension, insulin resistance, visceral obesity, coagulation 
changes, and increased lipid levels, all of which are precursors to cardiovascular 
disease (Chrousos & Gold, 1998).  
Anger expression has been shown to be positively correlated with platelet 
aggregability (Wenneberg et al., 1997). The relation between platelet activation and 
CVR may be mediated by serotonin secreted by platelets activated at the site of 
vascular injury, which contributes to smooth muscle cell proliferation, vasospasms, 
and thrombus formation (De Clerck, 1991; Markovitz & Matthews, 1991). Lastly, 
anger and hostility could be linked to CHD through mechanisms involving 
inflammatory processes and components of the immune system (Kop, 2003). 
Endothelial injury leads to pro-inflammatory cytokine release, with persons showing 
larger increases of circulating interleukin (IL-6) and tumor necrosis factor (TNF) 
(Kiecolt-Glaser et al., 2002). IL-6 is related to the production of C-reactive protein 
(CRP), an independent predictor of CHD risk (Papanicolaou et al., 1998). In the 
following section, a battery of studies conceptually employ the CVR model, which 
has provided consistent evidence of the detrimental effect of dispositional anger and 
habitual anger expression style in accelerating the endpoints of BP and HR levels.  
1.3 Dispositional anger and CVR 
Trait anger and anger expression styles have been shown to elevate 
cardiovascular activation and heighten risk for cardiovascular diseases. The direction 
of anger expression in the association with CVR, however, has not been consistent. 
Whereas some studies have found that the suppression of anger was associated with 
higher BP (Dimsdale et al., 1986; Mills & Dimsdale, 1993) other studies have found 
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that the open expression of anger, was related to higher BP (Harburg et al., 1991; 
Siegman, 1994).  
One study has prospectively found that higher levels of both AI and AO were 
associated with higher BP and greater likelihood of hypertension (Everson et al., 
1998). This study provides strong epidemiological evidence for a positive relationship 
between anger expression style and subsequent hypertension, independent of known 
risk factors (Everson et al. 1998). In a sample of more than 500 middle-aged men, a 
1-point increase in the AO scale or a 1-point increase in the AI scale were both 
associated with a 12% increased risk of hypertension after 4 years of follow-up 
(Everson et al., 1998). The patterns for AI/AO and risk of hypertension suggest that 
the effects of extreme anger expression in either direction on cardiovascular function 
are particularly pronounced. As put forth by Everson et al. (1998), this is consistent 
with the idea that expressions of anger or hostility that deviate from the norm in 
either direction (withholding or repressing feelings as well as outright displays of 
anger and aggression) may be related to elevated risk of hypertension or other 
cardiovascular disorders. AI may contribute to perceptions of recurring mistreatment 
and related brooding and resentment, whereas AO may provoke repeated episodes of 
conflict, and both could serve to sustain feelings of anger and contribute to BP 
elevations (Everson et al., 1998). TA and the adoption of a specific anger expression 
style, be it open anger expression or anger suppression, are regarded as harmful 
personality dispositions.  
Heightened reactivity has been observed for high anger individuals when 
harassed, involved in a social task of self-disclosure, or engaged in debate (Suls & 
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Wan, 1993; Christensen & Smith, 1993). In a study by Fredrickson et al. (2000), 
hostile individuals exhibited greater SBP and DBP reactivity when reliving a self-
chosen anger memory and longer-lasting DBP reactivity following relived anger.  
The relationships of anger/hostility to reactivity and CHD are not necessarily 
stable across cultures and ethnic groups. Although research has demonstrated certain 
cross-cultural universals concerning emotions (Mesquita & Fridja, 1992; Russell, 
1991), meanings and practices of different cultures encourage certain emotional 
themes over others, giving rise to systematic cultural variation in emotional 
experience (Kitayama et al., 2006). For example, certain negative emotions, including 
anger, appear to be experienced less intensely and for shorter periods by Japanese and 
Chinese individuals compared to other cultural groups, such as white Americans 
(Kitayama et al., 2006; Bond, 1993). Such differences in the experience of anger 
make it clear that the cross-cultural validity of the relationships between 
anger/hostility and both reactivity and CHD need to be empirically established before 
they can be generalized beyond the populations in which they were tested (Bishop & 
Robinson, 2000). 
Endeavors to uncover the cross-cultural validity of the relationship between 
anger/hostility and CHD have recently been undertaken with Asian populations. 
Laboratory studies in Singapore have found differences in CVR between ethnic 
groups that are consistent with the higher rates of CHD found for Indians in 
epidemiological studies. A study comparing CVR among Chinese and Indians males 
found significant differences between these groups in responses to harassment 
(Bishop & Robinson, 2000). Among Chinese, the pattern obtained was similar to that 
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found in North America, with high anger individuals showing increased CVR to 
harassment as compared with tasks with no harassment. For low anger Chinese males, 
no differences in CVR were observed between harassment and no harassment 
(Bishop & Robinson, 2000). However, low anger Indians showed increases in CVR 
in response to harassment that were parallel to those for high anger Chinese, whereas 
high anger Indians showed high levels of CVR regardless of harassment (Bishop & 
Robinson, 2000).  
Another study by Why et al. (2003) examined hemodynamic processes as a 
function of task, ethnicity and trait hostility and found evidence for differing patterns 
of hemodynamic response between Chinese, Indians and Malays. For Indians, cardiac 
output was a positive function of hostility whereas vascular resistance was negatively 
associated with hostility, suggesting that Indians high in hostility may be cardiac 
reactors (Why et al., 2003). This pattern was not found among Chinese or Malays. 
 Ambulatory studies have provided data generally supporting the relationship 
of anger and hostility to BP and HR. Ethnic differences in CVR were obtained in a 
recent ambulatory study by Enkelmann et al. (2005) on male Singapore patrol 
officers. Individuals with high Hostility Behavioral Index (HBI) scores showed 
higher SBP when reporting negative affect whereas this was not true for those low in 
hostility (Enkelmann et al., 2005). Ethnic differences were obtained such that Indians 
showed an increase in mean arterial pressure (MAP) when angered whereas MAP 
was negatively related to anger for Malays and unrelated for Chinese (Enkelmann et 
al., 2005). Hostility and social stress interacted in their effects on DBP for Indian 
participants but not for Chinese or Malays. Again, these results suggest a stronger 
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reaction by Indians as a function of dispositional hostility as well as anger provoking 
situations, suggesting possible factors that may put Indians at higher risk for CHD 
(Enkelmann et al., 2005). 
These differences in CVR between Indians and other ethnic groups in 
Singapore are particularly interesting in light of the fact that, as cited above, Indian 
Singaporeans die of heart disease at much higher rates than do Chinese or Malay 
Singaporeans (Enkelmann et al., 2005). Since CVR has been shown to be associated 
with atherosclerosis and CHD, the differential pattern of CVR among Indians 
described above would appear to be consistent with their higher CHD rates 
(Enkelmann et al., 2005). Although studies of the role of traditional risk factors have 
been conducted, thus far these differences in CHD rates have remained unexplained 
and it is unclear why Indians show stronger cardiovascular responses in anger 
provoking situations. The present investigation explores the extent to which 
differences in CVR may reflect genetic variation in the serotonin transporter gene.  
Before this link is examined, a depiction is necessary of the manner in which 
anger-provoking situations are captured in the participants’ daily environment. While 
the TA and the anger expression scales measure an individual’s general tendency and 
frequency of experiencing that type of anger, these measures are personality 
components that do not represent the moment to moment level of negative emotions 
experienced in everyday life. The reporting of a negative affect is used as a situational 
marker of stress and subsequent heightened CVR. It is within the momentary 
experience of negative affect that emerging patterns between reactivity determinants 
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(race, gender, genotype and TA/anger expression style) and physiological levels are 
typically found.  
1.4 Negative affect in the daily environment 
The effects of stressors on the onset and course of cardiovascular disease are 
often suggested to be mediated by negative affect (Van Eck et al., 1996; Smyth et al., 
1998; Gallo & Mathews, 1999, Kiecolt-Glaser et al., 2002). The implicit rationale is 
that stressors cause negative affect, which in turn is accompanied by high 
physiological arousal (Brosschot & Thayer, 2003).  
Daily experiences of negative mood are associated with higher BP levels in 
general (Shapiro et al., 2001). In a study by Kamarck et al. (1998), two dimensions of 
emotional activation (negative affect and arousal) were associated with concurrent BP 
fluctuations during daily life in healthy adults, even after adjusting for metabolic 
influences. Diary measures of negative affect and arousal were higher during periods 
subsequently identified as daily stressors, suggesting that these subscales are markers 
of stressor exposure (Kamarck et al., 1998). A large association with BP suggests that 
negative affect is a broad index of psychosocial stress that is stronger than other diary 
scales such as task strain and social conflict (Kamarck et al, 1998).  
The assessment of the experience of negative emotion, rather than the 
occurrence of a general stressor, may be a better measure in health-related 
investigations in the daily environment. This is because the lasting and detrimental 
effects of stressors are the resulting negative emotions. Stressors may not actually be 
present (and thus difficult to record) or the source of stress may have terminated or 
may not have commenced at the time of ambulatory measurement. However the 
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resultant or anticipatory emotions can be identified and may have long-lasting 
physiological effects. 
In reporting high levels of negative emotions, participants indicate greater 
levels and sources of daily stress, which may be associated with personality factors 
such as hostility, TA or a particular anger expression style. Such personality traits 
work to predispose individuals toward greater relative negative emotions, thereby 
maintaining physiological alterations associated with emotions (Kiecolt-Glasier et al., 
2002). In a cluster analysis study, subjects who frequently reported anger, anxiety and 
other negative moods showed the highest BP elevations and also tended to have high 
scores on trait measures of hostility (Shapiro et al., 1997). 
In the Enkelmann et al. (2005) study mentioned above, situational negative 
affect interacted with hostility to produce heightened CVR. The study found that 
individuals high in hostility showed increased SBP when experiencing higher levels 
of negative emotions. Other findings as a function of negative affect included a near 
significant interaction between ethnicity, hostility, and negative affect for HR 
(Enkelmann et al., 2005). Different patterns for the three ethnic groups were 
uncovered. HR was an increasing function of negative affect for Chinese with high 
HBI scores and Malays with low HBI scores but a decreasing function of negative 
affect for others. Indians, in particular, showed lower HR with increasing negative 
affect, irrespective of HBI scores (Enkelmann et al., 2005). The finding of reduced 
HR as a function of negative affect is contrary to most findings concerning the effects 
of negative emotion on HR. One interpretation of this finding suggested by 
Enkelmann et al. (2005) was that Indians responded to anger provoking situations 
  
19
with increased vasoconstriction and decreased HR whereas the others showed more 
of a cardiac response (Enkelmann et al., 2005). It remains to be seen if Indians in the 
present investigation will exhibit an increased HR response when reporting negative 
affect, as is typically expected, or a decreased one, such as that exhibited by the 
Indian sample in the Enkelmann et al. (2005) study. Importantly, genetically driven 
variation in serotonin (5-hyrdoxytryptamine or 5-HT) function may play an important 
role in the determination of cardiovascular response patterns to negative affect 
experienced in the daily environment. 
1.5 The serotonin transporter gene polymorphism (5HTTLPR) 
There is mounting evidence that genetic variation in the promoter region of 
the serotonin transporter protein gene is associated with differences in response to 
stress, pointing to an important genetic variant for human behavior (Hariri & Brown, 
2006). Because serotonin modulates sympathetic efferent activity in response to 
psychological stress, genetic variation in the synthesis, reuptake, and receptor 
activation of the serotonergic system may partially account for individual differences 
in CVR (Williams et al., 2001; McCaffery et al., 2003).  
In this regard, there has been intense interest in an insertion/deletion 
polymorphism of 5HTTLPR, located in the promoter region on chromosome 
17q11.1-q12 (Ramamoorthy et al., 2003a). Polymorphisms of 5HTTLPR typically 
result in two allelic variants - the short and long allele comprising of 14 and 16 copies 
of a 20 to 23 nucleotide repeat respectively (Heils et al., 2006). The short variant 
indicates the presence of a deletion, resulting in a 484-base pair allele, whereas the 
absence of this deletion yields a long variant of 528-bp (Williams et al., 2001). The 
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allelic variants are associated with differential transcriptional efficiencies: both basal 
and stimulated activity of the long (l) allele are approximately twice that of the short 
(s) variant1 (Williams et al., 2001). The shorter allele impairs transcriptional activity 
of the serotonin transporter and lowers biological activity of the transporter, resulting 
in a decrease of serotonin binding sites and reduced serotonin uptake (Lesch et al., 
1996). Williams et al. (2001) has suggested that heightened CNS serotonergic 
activity, as associated with the l allele, may occasion heightened physiological 
responsiveness to psychological stress. 
1.5.1 5HTTLPR genotype and CVR 
A key study by Williams et al. (2001), involving 54 healthy volunteers, 
examined the effects of two indices of CNS serotonin function, cerebrospinal fluid 
concentrations of the serotonin metabolite, 5-hydroxyindoleacetic acid (CSF 5HIAA), 
and the 5HTTLPR polymorphism, on CVR to mental stress. CSF 5HIAA provides an 
index of CNS serotonin turnover (Williams et al., 2001). The study found that persons 
with one or two l alleles had CSF 5HIAA levels that were 50% higher than those of 
persons with the ss genotype (Williams et al., 2001). Importantly, persons with one or 
two l alleles, or higher CSF 5HIAA levels, also exhibited greater BP and HR 
responses to a mental stress protocol (Williams et al., 2001). The l allele containing 
genotypes and high CSF 5HIAA were correlated, with the former regulating the 
latter, but only 5HTTLPR genotype was shown to be independently associated with 
BP reactivity (Williams et al., 2001).  
                                                 
1 The l allele with common G substitution is an exception to this statement as it actually shows low 
transcriptional activity which is typically characteristic of the s allele. See next section. 
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Importantly, CSF 5HIAA levels were similar in subjects with ll and ls 
genotypes and in all associations between 5HTTLPR genotypes and cardiovascular 
responses to stress, l allele containing gene groups were combined for comparisons 
with ss subjects (Williams et al., 2001). Recently, the activity of the s and l alleles of 
5HTTLPR have been shown to be modified by a single nucleotide polymorphism 
(SNP) within the region (rs25531) which has not frequently been analyzed in the past 
(Hu et al., 2006, Brummett et al., 2008). This single nucleotide variant constitutes of 
an A to G SNP (rs25531) that modifies the activity of the insertion/deletion 
polymorphism, resulting in a tri-allelic instead of a bi-allelic marker,  for which the 
most common alleles are lg (which is the l allele with a common G substitution), la, 
and s (Hu et al., 2006). 
 In a study by Hu et al. (2006), expression assays in lymphoblastoid cell lines 
representing combinations of these genotypes showed nearly equivalent expression 
for the lg and s alleles, which were comparably lower than the transcriptional activity 
of the la allele (Hu et al. 2006). Because the lg allele tends not to be high expressing, 
studies that group the lg allele within the ls and ll genotypes may underestimate the 
effect of 5HTTLPR (Hu et al. 2006). Unrecognized lg alleles in ls and ll genotypes 
may obscure effects of 5HTTLPR on phenotype, especially for phenotypes for which 
the lala (highest expressing) genotype is crucial (Hu et al. 2006).  As a result, for this 
investigation alleles were designated as a high or low expressing according to 
established expression levels (la as Hi, and lg & s as Lo). This results in three 
genotype groups (HiHi, HiLo, & LoLo) for analysis.  
1.5.2 5HTTLPR genotype and CHD 
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Independent studies generally show the 5HTTLPR l allele to be associated 
with increased risk of MI, which directly links the allele to the final path of clinical 
disease. Fumeron et al. (2002) reported an increased MI risk in male patients with the 
ll genotype from four European populations, independent of other risk factors 
(Fumeron et al., 2002). Studies in Japanese populations further support the 
contribution of the l allele to CHD. In the general Japanese population, the l allele is 
far less prevalent than in the Caucasian population (21% vs. 57%), but the l allele is 
far more prevalent in patients with CHD than healthy control subjects (Arinami et al., 
1999). The l allele was more frequently observed in male subjects who developed 
CHD before 65 than age-matched healthy men (Arinami et al., 1999). Furthermore, 
smoking was a significant risk factor for Japanese individuals with the l allele but not 
the ss genotype, showing a synergistic effect on CHD (Arinami et al., 1999).  
Additionally, in independent study populations, associations between serum 
cholesterol levels and the l allele were observed (Comings et al., 1999). For a group 
of elderly athletes, mean cholesterol levels and triglyceride levels were significantly 
greater for the ls genotype than either ll or ss homozygotes, indicating a heterosis 
effect2 (Comings et al., 1999). Finally, in an epidemiological study, mean fasting 
LDL cholesterol levels were highest in individuals with the ll genotype, intermediary 
in individuals with the ls genotype and lowest for the ss genotype (Fischer et al., 
2006). A history of MI was observed in 16% of ll genotype individuals not taking 
                                                 
2 A heterosis effect is where heterozygotes for a polymorphic gene marker show a greater or lesser 
phenotypic effect than either homozygote (Comings et al., 1999). 
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lipid-lowering drugs, but with significantly lower frequency (8.8%) in s allele 
individuals (Fischer et al., 2006). 
In sum, 5HTTLPR genotypes, indicative of high or low serotonin function, are 
associated with differential reactivity and other markers of risk for CHD. A 
genetically heritable difference in alleles suggests that humans, naturally, may 
express different amounts of the serotonin transporter throughout the whole body, 
including the cardiovascular system (Ni & Watts, 2006). One proposed mechanism is 
that increased transcriptional activity of the l allele may lead to enhanced serotonin 
transportation into platelets from extra-cellular space (Greenberg, 1999). 
Speculatively, when a platelet in an ll carrier becomes activated by “bumping” into a 
sub-clinical atherosclerotic plaque, the activated platelet releases more serotonin and 
activates a larger number of circulating platelets than in someone without the ll 
genotype (Whyte et al., 2001). This greater activation could lead to greater thrombus 
formation and result in an adverse cardiovascular event, such as a MI (Whyte et al., 
2001). The protective role of the ss genotype against MI could be a consequence of 
the lower serotonin transporter levels linked to the s allele, so that individuals with 
the ss genotype may have lower serotonin re-uptake by platelets (Hanna et al., 1998). 
Taken together, the 5HTTLPR l allele cause two changes in the body’s internal milieu 
– increases in CVR to psychological stress, leading to injury of the arterial 
endothelium and secondly, l allele-induced higher platelet serotonin levels speeds the 




For this investigation, five factors – anger and anger expression style, 
ethnicity, gender, situational negative affect and 5HTTLPR genotype, were selected 
as potentially important determinants of ambulatory cardiovascular activity on the 
basis of their demonstrated effects on acute cardiovascular responses in the laboratory 
as well as their hypothesized associations with disease risk. Given the evidence for 
the differential patterns of anger and reactivity in Singapore’s ethnic groups and as 
there are no studies to date that have investigated the effects of the 5HTTLPR 
polymorphism and gender on the cardiovascular responses in these groups, this 
investigation aimed to explore the interplay between anger (expressed inwardly and 
outwardly), 5HTTLPR genotype, and negative affect on the cardiovascular responses 
of males and females of Indian, Chinese and Malay ethnicity. 
1) Trait anger and habitual anger expression styles potentially initiate 
negative emotional and physiological changes (Williams et al., 
1985). Transient emotional states are sensitive to such dispositional 
qualities and personality factors and as a result, associations 
between the inward or outward expression of anger and 
cardiovascular responses are most likely to emerge during 
ambulatory reports of negative affect. Therefore, the first 
hypothesis is that anger expression style and negative affect will be 
significant determinants of cardiovascular responses and will 
interact in a manner such that individuals high in anger, whether 
expressed inwardly or outwardly, would show greater increases in 
the physiological variables when reporting higher levels of 
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negative affect, whereas this would not be true for individuals with 
low levels of a particular anger expression style.  
2) A contribution of the present investigation involves the 
examination of race and gender differences that moderate the 
influence of psychosocial stressors on BP in the ambulatory setting. 
As the literature on anger describes, emotions have strong cultural 
underpinnings and certain ethnic groups may display stronger 
emotional responses to situations involving anger with this 
reflected in differential BP responses. As a result,  ethnicity is a 
critical determinant of cardiovascular responses and the second 
hypothesis is that differing ethnic patterns will be obtained in an 
interaction between negative affect, anger expression style and 
ethnicity. Current evidence with TA and hostility indicates that 
high hostile Indians tend to have reactive BP regulation, which 
stresses the cardiovascular system and increases the risk of 
developing cardiovascular disease (Why et al., 2003). As such, 
Indians are predicted to display the strongest associations between 
the inward or outward expression of anger and physiological 
responses when reporting negative affect.  
3) Furthermore, gender has been shown to affect CVR in the 
laboratory setting where men tend to exhibit larger BP responses to 
stress compared with women (Stoney et al., 1988). As a result, the 
  
26
interaction between anger expression style and negative affect is 
predicted to differ for males and females.  
4) Lastly, in line with the relationship between the l allele and CVR, 
as found by Williams et al. (2001), it is predicted that individuals 
possessing the Hi expressing allele will show stronger responses to 
stress than individuals with the Lo expressing allele.  As such, the 
fourth hypothesis is of a two-way interaction between genotype 
and time-varying negative affect. Further still, it is hypothesized 
that a three-way interaction between genotype, negative affect and 
the inward or outward experience of anger will also be obtained 
such that individuals with the Hi allele will show stronger 
physiological associations between anger expression style and 


















2.1 Ecological momentary assessment 
To investigate the psychosocial determinants of ambulatory BP (ABP), 
ecological momentary assessment (EMA) methods were used. EMA involves the use 
of self-report diary assessments in hand-held computers which provide activity 
characteristics and the nature of stress during daily life with regards to cardiovascular 
activation (Kamarck et al., 1998). When applied to the negative affect model, this 
approach can identify situations involving anger producing experiences and examine 
the effect of situational negative emotions (e.g., anger, frustration, anxiety, and 
sadness) as they influence BP or other time-varying measures. EMA has the 
advantage of capturing information on spontaneously occurring events and their 
physiological concomitants as they happen, thus reducing recall bias and increasing 
precision of measurement and the timely completion of assessments (Bishop et al., 
2003).  This within-subject approach also provides control for individual differences 
by examining relationships as they occur across time within the same individuals 
(Bishop et al., 2003).  
HR and BP are important measures of cardiovascular functioning with 
epidemiological significance for heart disease. SBP measures the peak pressure 
during a given cardiac cycle, with DBP measuring the lowest pressure. MAP 
measures the average pressure exerted on arteries (Brownley et al., 2000). These 
measures were chosen as indicators of CVR as previous research has shown that they 
are associated with progression of atherosclerosis as well as the development of CHD 




Ambulatory data was obtained for 315 undergraduates from Singapore tertiary 
institutions. Information regarding participants’ health and health related behaviors 
were obtained from a demographic questionnaire completed by each participant 
before the start of the ambulatory monitoring period. Participants were asked about 
alcohol consumption, smoking, frequency of exercise, and any family history of heart 
disease or hypertension. 122 participants reported a family history of hypertension or 
heart disease, but no heart problem themselves. Family history of heart disease or 
hypertension were merged into one variable (where if a participant indicated yes to 
either, it was coded as 1) to be tested as a person-level covariate. 
To determine eligibility, participants were asked if they had any kind of heart 
problem, hypertension, or if they were taking any medication (either prescription or 
over the counter). Participants were excluded from the analysis if they reported a 
personal history of heart disease or hypertension (3), genotype data was missing (60) 
or if their dispositional anger scores were missing (3). Participants were to undergo 
up to three days of ABP monitoring, however 1 participant was excluded for not 
having at least one day of ABP monitoring with 6 matched diary entries to BP 
measurements (which was set as the required minimum number of matched entries).3 
In addition, after conducting preliminary analyses, it was determined that participants 
with the HiHi genotype (19) would be excluded from the final sample as the 
infrequency of this genotype made analysis impractical4.  
                                                 
3 See section -Matching of diary entries, ABP and AIM data. 





N 66 (28.8%) 108 (47.2%) 55 (24%) 229 (100%)
Age 21.15 (1.99) 21.36 (1.57) 20.84 (1.80) 21.17 (1.76)
Males 35 (53%) 57 (52.8%) 23 (41.8%) 115 (50.2%)
Females 31 (46.9%) 51 (47.2%) 32 (58.2%) 114 (49.8%)
HiLo genotype 40 (60.6%) 54 (50%) 24 (43.6%) 118 (51.5%)
LoLo genotype 26 (39.4%) 54 (50%) 31 (56.4%) 111 (48.5%)
BMI 20.82 (2.60) 20.64 (2.83) 21.71 (4.15) 20.95 (3.15)
Trait Anger score 19.97 (4.53) 20.00 (4.36) 21.31 (5.57) 20.31 (4.73)
Anger In score 17.11 (4.43) 18.14 (3.95) 19.31 (4.00) 18.13 (4.16)
Anger Out score 15.20 (3.36) 15.00 (3.18) 16.02 (4.15) 15.30 (3.49)
Anger Control score 22.83 (5.00) 22.85 (4.64) 22.83 (4.87) 22.83 (4.78)
Exercise (yes) 39 (59.1%) 65 (61.3%) 29 (52.7%) 133 (58.6%)
Smoke (yes) 0 (0%) 2 (1.9%) 6 (10.9%) 8 (3.5%)
Alcohol (yes) 21 (31.8%) 37 (34.6%) 3 (5.5%) 61 (26.8%)
Medication (yes) 5 (7.6%) 14 (13.1%) 8 (14.5%) 27 (11.8%)
Family History of CHD 33 (50%) 56 (52.3%) 24 (43.6%) 113 (49.3%)
Note: With the exception of age, BMI and anger scores, numbers indicate number 
of participants with percentages in parentheses. For age, BMI and anger scores,  
the numbers are means with standard deviations in parentheses.
Indians Chinese Malays Total
The final sample of 229 participants ranged in age from 18 to 27 years (M= 
21.17, SD = 1.76). Of these, 108 were Chinese (57 men, 51 women), 55 were Malays 
(23 men, 32 women) and 66 were Indians (35 men, 31 women). Ethnic classification 
was made on the basis that both participants’ parents belong to the same ethnic group.  
Characteristics of the sample and means and standard deviations for person-level 




Ethnic groups did not differ by age, F(2,228)=1.64, p=.196, BMI, 
F(2,228)=2.20, p=.113, TA, F(2,28)=1.62, p=.2, AO, F(2,228)=1.59, p=.207, AC, 
F(2,228)=.001, p=.999, family history of CHD/hypertension, X(2, N=228)=1.11, 
p=.575, and exercise, X(2, N=227)=1.11, p=.574. Significant differences in AI scores 
were obtained however with Malays (M=19.31) having significantly higher scores 
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than Indians (M=17.11), F(2,228)=4.29, p=.015, but not Chinese (M=18.14). Also, 
Malays (10.9%) were more frequently smokers than Chinese (1.9%) and Indians (0), 
X(2, N=229)=12.22, p=.02, however there were more alcohol consumers among 
Chinese (34.6%) and Indians (31.8%) than Malays (5.5%), X(2, N=228)=16.94, 
p<.0001. 
Between gender groups, there were significant differences in age, 
F(1,228)=50.80, p<.0001, with males being older by 1.5 years. This gender difference 
was expected because Singaporean males typically enter tertiary educational 
institutions at a later age as a result of a mandatory two year enlistment in the 
Singapore National Service after the completion of pre-university education. As 
expected, males also had a significantly higher BMI (M=21.51) than females 
(M=20.38), F(1,228)=7.69, p=.006, and males exercised more (70.4%) than females 
(46.4%), X(1, N=227)=13.48, p<.0001. There were no significant gender differences 
for TA, F(1,228)=.12, p=.725, AI, F(1,228)=.04, p=.839, AO, F(1,228)=.76, p=.385, 
and family history of CHD/hypertension, X(1, N=228)=1.75, p=.117. Significant 
differences in AC scores were obtained however with males (M=23.58) having 
significantly higher scores of AC than females (M=22.09), F(1,228)=5.64, p=.018. 
There were no gender differences for being a smoker, X(1, N=229)=2.04, p=.143, or 
being an alcohol consumer, X(1, N=228)=.94,  p=.207. 
There were no significant differences between gene groups (Hilo vs. LoLo)5 
for BMI, F(1,228)=.01, p=.936, age, F(1,228)=.12, p=.742, TA, F(1,228)=.0 p=.991, 
AI, F(1,228)=.15, p=.695, AO, F(1,228)=.73, p=.395, AC, F(1,228)=.03, p=.855, 
                                                 
5 See section on preliminary analyses 
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family history of CHD/hypertension, X(1, N=228)=.07, p=.446, and on being a 
smoker, X(1, N=229)=.01, p=.605, or alcohol consumer, X(1, N=228)=.04, p=.477. 
However, there were significant differences between gene groups on being an 
exerciser, X(1, N=227)=4.03, p=.03, with more individuals with the HiLo genotype 
(65%) being exercisers than the LoLo group (51.8%).  
2.3 Procedure 
Participants were recruited through advertisements around campus offering up 
to S$130 (approximately US$85) and a free health screening for participation in a 
project concerned with cardiovascular functions. The fliers included a brief 
description of the requirements of their participation and an email address to contact.  
Participants were contacted to confirm the location and time for attachment to 
ambulatory monitors. They were advised to wear loose clothing with a collar and a 
jacket, so as to make the equipment less obtrusive.  
Upon arrival, participants signed a consent form that informed them of the 
purpose of the study, its confidentiality, risks and benefits, and right to withdraw. A 
consent form for storage of their biological specimens and DNA was also signed. 
Participants filled out three research questionnaires that included the NEO-PI-R, the 
STAXI and a demographic questionnaire. Participants’ height and weight were 
recorded. Participants were asked to proceed on the following Friday for their free 
health screening at the NUS Health and Wellness Centre (HWC) which included the 
extraction of 19 ml of their blood. Female research assistants attached the equipment 
for the female participants and male assistants for the male participants. 
2.4 Ambulatory monitoring equipment 
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Participants underwent 24-h monitoring for BP using Spacelabs 90217 
monitors (Spacelabs Medical, Redmond, WA). The Spacelabs 90217 is a lightweight 
ambulatory BP monitor using the oscillometric method for BP determination. 
Spacelabs 90217 meets the accuracy standards of the British Hypertension Society 
and the Association for the Advance of Medical Instrumentation (Baumgart & Kamp, 
1998). The Spacelabs 90217 was programmed to obtain SBP and DBP every 30 
minutes. When the monitor was unable to obtain a valid reading, a second attempt 
was made 2 minutes later. Only BP readings and diary entries taken between 10 AM 
and 10 PM of a participant’s ambulatory monitoring day were analyzed. Plots of the 
participants’ circadian rhythms indicated that the BP levels during these time periods 
were the most stable. 
While the Spacelabs 90217 were the primary source of data for this study, as 
part of a larger data collection effort, hemodynamics and HR were also acquired 
simultaneously using the AIM-8F Ambulatory Impedance Monitor (Bio-Impedance 
Technology, Chapel Hill, NC). As a result of difficulties in the matching and rating of 
the impedance cardiograms obtained with the AIM-8F, hemodynamic data were not 
examined in this study.  
The Palm Zire PDA (Palm Inc., Santa Clara, CA) was used to record time-
varying psychosocial data. Participants were told to start their electronic 
questionnaire, preprogrammed in the PDA, once the BP cuff finished deflating. The 
internal clocks of all ambulatory equipment were synchronized and time-stamped to 
allow for accurate matching. Missing data was reduced as participants were not 
permitted to skip a relevant question or to enter an invalid (out of range) response. 
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The PDA allowed data to be electronically encoded during each assessment and 
downloaded at the end of the monitoring period. This eliminated the need for separate 
data entry and therefore reduced data transcription errors.  The Spacelabs and AIM 
units along with the Palm Zire PDA were placed in a fanny-pack that was worn 
around the participant’s waist. 
2.4.1 Electronic diary assessment 
Each electronic diary assessment was comprised of a 40-item questionnaire 
about the participants’ emotional activation, environmental stressors, and social 
interactions as well as posture, activity and other potential influences on 
cardiovascular activity. Thirty-one diary items were presented during every 
assessment, and an additional 9 items were administered during social interactions 
only. Each diary item was displayed on the screen under a brief caption describing the 
time frame of assessment and response options were presented in the form of 2 to 4 
point scales. The selected items and response scales used in the present investigation 
are shown in Table 2. 
2.4.2 Attachment to ambulatory monitoring equipment 
When attaching the BP monitor, the BP cuff was placed with the demarcation 
arrow pointing at the vein on their arm, indicating proper positioning. The participant 
was told that the BP cuff initiates a reading when it starts inflating and to avoid 
movement if possible so as to reduce movement artifact. They were instructed to start 
their questionnaire entry on the PDA when the BP pressure cuff had deflated. The 
participant was asked to run through the electronic questionnaire once while the 




Selected items used from the diary
Item Response Option






What is your posture? On your feet
Sitting
Lying down
How is the temperature? Comfortable
Too hot
Too cold




Do you feel sad? (Popup list same as above)
Do you feel angry? (Popup list same as above)
Do you feel frusrated? (Popup list same as above)
Do you feel stressed/nervous? (Popup list same as above)
Have you been talking? Yes/No
Have you taken a meal? Yes/No
Have you consumed caffeine? Yes/No
Did you smoke? Yes/No
Have you taken medication/drugs? Yes/No
Have you consumed alcohol? Yes/No




Two baselines measures were taken while the participant was sitting along 
with two baseline measures while the participant was standing. They were told to 
keep all equipment away from water and were given written instructions on use of the 
PDA along with the researcher’s contact number. Lastly, they were reminded to 
return the next morning to remove the equipment. Participants were to partake in 
three days of 24-hour ABP monitoring, with each day separated by at least one day. 
Each participant’s next appointment was scheduled and the procedure was repeated 

















2.4.3 Removal of ambulatory monitoring equipment 
The participants returned approximately 24 hours later. They were asked to 
complete a sleep questionnaire which inquired of the participant’s hour of sleep the 
night before and quality and quantity of sleep. Two baseline readings when the 
participant was sitting and two baseline readings when the participant was standing 
were taken. The leads and electrodes, the BP cuff and the carrying pouch were then 
removed from the participant. The research assistant uploaded the information from 
the ambulatory equipment onto a laptop computer and reset the equipment for use 
with the next participant.  
Each participant was awarded cash in accordance to their compliance and 
extent of participation in the study. In return for full three days’ participation, 
participants received up to S$130 in cash. Irrespective of the number of diaries 
completed, participants received $10 for each day of monitoring. To encourage 
participants to fill out the questionnaires they were paid on a graduated scale 
according to their cooperation in filling out the questionnaires. Payment for each day 
of monitoring was computed as being $10 for wearing the monitors and completing 
up to 50% of the electronic diaries on the PDA during waking hours plus $2 for each 
additional percentage of diaries completed over the course of the three days. For 
example, if a participant completed only half of the diaries for BP readings while they 
were awake, they received $30 but if they completed 75% of the diaries, they 
received $80 (30$ for wearing the monitor plus $50=25% times $2 for each 
percentage of diaries completed above 50%). Thus, the minimum amount that could 
be awarded for three full days of participation was $30 (for only wearing the 
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monitors) and the maximum payment could be up to $130 (for wearing the monitors 
and completing a diary entry for each BP reading when awake). Each participant 
received a free health screening at the University Health and Wellness Centre. 
2.5 Genotyping 
The promoter regions surrounding the 5HTTLPR and rs25531 polymorphisms 
were amplified and used to create a composite genotype reflecting the alleles of both 
polymorphisms. To determine 5HTTLPR genotypes, genomic DNA was extracted by 
standard procedure from fresh or frozen samples of peripheral blood collected from 
the participants. Polymerase chain reaction (PCR) amplification to generate a 484-or 
528 base pair fragment corresponding to the short (s) and long (l) 5HTTLPR alleles, 
respectively, was performed as described by Lesch et al. (1996). PCR amplification 
was carried out with primers 5’-GGCGTTGCCGCTCTGAATTCG-3’(F) and 5’-
GAGGGACTGAGCTGGACAACCCAC-3’ (R). The same PCR product was used 
for genotyping the rs25531 polymorphism as described by Hu et al. (2006). 
Genotyping for rs255531 was done with restriction digest using Hpa II. 
The resulting genotypes from both procedures were used to create a composite 
genotype reflecting the s, la, and lg alleles. These genotypes were then categorized as 
high or low expressing based on transcriptional activity (la as Hi, and lg & s as Lo) 
resulting in three genotype groups (HiHi, HiLo, & LoLo) (Hu et al., 2006). 
2.6 Data screening and reduction 
Because both diary entries and BP measurements were time and date stamped, 
it was possible to accurately match each diary entry with its corresponding BP 
reading. A maximum of 10 minutes between the diary entries and BP readings was 
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allowed for a match to be made at a given time period. Lags in the timing of diary 
entries were expected since students might be preoccupied with class or work at the 
time of the ABP reading. In cases in which repeat ABP readings were taken due to 
problems with the initial reading, the diary entry was matched to the repeat 
measurement, provided that the time between the ABP reading and the diary entry 
was not more than 10 minutes. Participants ranged from having one to three days of 
ambulatory BP data. To be included in the analyses, each day of ambulatory data had 
to include a minimum of six observations with complete diary entries and BP 
measurements.  
The Spacelabs 90217 automatically checks and eliminates artifactual and 
erroneous readings. The criteria suggested by Marler et al. (1988) were also used to 
screen BP and HR readings. Both SBP and DBP values were excluded from analyses 
if 70 mmHg > SBP > 250 mmHg, 45 mmHg > DBP > 150 mmHg or [1.065+ 
(.00125*DBP)] > SBP/DBP > 3. Only HR between 40 and 200 beats per minute 
(BPM) were included. Importantly, for measurement periods in which HR readings 
were not available from the Spacelabs, HR data was taken from the AIM 8-F. This 
resulted in the HR variable having a higher number of degrees of freedom than BP in 
the main analyses. 
All outcome data were then grouped by ethnicity, gender and genotype and 
screened for outliers. This screening identified 50 HR, 59 SBP, 16 DBP, 30 MAP 
values as outliers based on the criterion of being more than 3.29 standard deviations 
from the group mean for the variable or disconnected from the group distribution. 
These represented less than 1% of available data for each variable and were excluded 
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from analyses. Altogether the final data set for 229 participants contained 14,929 
observation periods or an average of 65.2 observations for each participant. Out of 
these 14,929 observation periods, there were 13,543 (90.72%) valid BP readings and 
1,385 (9.28%) missing readings. In addition, there were 12,575 diary entries (84.24% 
of observation periods) out of which 11,658 (78.09%) could be matched to BP 
readings. 
Compliance was determined by the percentage of matched diary entries to the 
number of valid ABP readings taken during the entire monitoring period. Out of the 
229 students, 226 (98.8%) provided at least 50% matched diary entries across ABP 
monitoring days. Five participants provided a minimum of six matched diary entries 
for one of the ambulatory monitoring days, which was set as the minimum number of 
matched entries. Anger scores were not significantly related to compliance 
(correlations ranged from -.065 to .017, r (229), all p ns). 
2.7 Trait Anger and Anger Expression scales 
Consistent with the conceptualisation of anger, the State-Trait Anger 
Inventory (STAXI) developed by Spielberger (Spielberger et al., 1988) consists of 
three major components: state anger, trait anger, and anger expression. The STAXI 
was used because it had previously been shown to be the most valid and reliable 
among a series of anger/hostility measures tested in Singapore (Bishop & Quah, 
1998). The STAXI consists of 44 items that constitute the scales of state anger which 
refers to the subjective emotional state of feeling angry; trait anger, which refers to a 
predisposition to find a wide range of situations as being annoying and to experience 
state anger on a frequent basis (Bishop & Quah, 1998) and the expression of anger, 
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which is further composed of three expression constructs – Anger-In (AI), Anger-Out 
(AO), and Anger-Control (AC).  
The TA scale contains 10 items and the AI, AO and AC scales are each 8 item 
scales that measure the frequency with which the respondent suppresses his or her 
anger, expresses his or her anger to other people or objects and the degree to which 
the respondent attempts to control his or her expression of anger, respectively. A high 
score on each of these scales represents a high tendency or frequency to experience or 
express that mode of anger. Participants rated their typical proneness to anger on a 4-
point scale: ranging from 1 (almost never) to 4 (always). An overall anger score was 
obtained by summing the items. For example, scores on the TA scale can range from 
10 to 40 with high scores indicative of higher levels of dispositional anger. The 
STAXI was completed by participants upon arrival in the laboratory and before the 
beginning of attachment to ambulatory equipment.  
Because of the potentially large number of significant effects that arise when 
analyzing several anger components, a principal components analysis of the STAXI 
components (TA, AI, AO, and AC) was conducted followed by a varimax rotation. 
The results showed that approximately 80% of the variance was taken up with two 
components, the first of which was composed of high loadings for TA (.88), AO (.83) 
and the reverse of AC (-.72) and the second of which was composed of only a high 
loading for AI (.92). To encapsulate the effects of TA, AO and AC, a new anger 
component was created by taking the mean of the z scores for TA, AO and AC, using 
the reverse z-score for AC. This composite component was called “outward-anger” 
(OA) because it essentially measures dispositional anger (TA) as well as the level to 
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which an individual projects their anger outwardly through the open expression of 
anger (anger-out) and the lesser control of their anger (reverse of AC). The 
advantages of this computation were that equal weight was given to each of the 
constituent STAXI components and the resulting variable was automatically centered 
with a mean of zero. Coefficient alpha for OA showed acceptable internal 
consistency, a=.74. Further analyses were conducted using only AI and the composite 
component of OA. 
2.8 Covariate selection 
Covariate items were concerned with variables that may confound ambulatory 
cardiovascular readings. Interpretation of ambulatory BP and HR requires taking 
account of several time-varying factors known to contribute to BP and HR variability 
(Gellman et al., 1990). At each BP reading, participants were asked to answer a series 
of items concerning posture (standing, sitting, lying down), physical activity level 
(inactive, some movement, moderate, strenuous), temperature (comfortable, too hot, 
too cold), whether they were talking (yes, no), whether they had recently eaten (yes, 
no), consumed caffeine (yes, no), or smoked (yes, no) and whether they had taken any 
medication or drugs (yes, no).  
Nine potential time varying covariates were defined on the basis of 
questionnaire control items described above, including physical activity, standing, 
sitting, hot, cold, talking, smoking, caffeine and meal consumption. Physical activity, 
talking, smoking, caffeine consumption and meal consumption were coded using the 
categories described above. Because temperature and posture are categorical variables 
and unsuitable for entry into regression analysis, they were recoded as binary 
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variables for use as covariates. For temperature, two dummy variables were created: 
hot (0 = comfortable or too cold, 1 =  too hot) and cold (0 = comfortable or too hot , 1 
=  too cold). The variables of hot and cold were coded as separate binary variables 
rather than as a 3-point scale (too cold, comfortable, too hot) because there is no 
evidence that the 3 points on the latter scale are equally spaced and fulfill the 
assumptions of interval measurement. As such, the more defensible approach was to 
use binary dummy coding for the purposes of entering them as covariates. Similarly 
for posture, the covariates of standing and sitting were coded by creating two 
dichotomous variables in which standing was coded as “1” when the person indicated 
that he was standing and “0” otherwise (0 = lying down, sitting, 1 = standing) 
whereas sitting was coded as “1” when the participant indicated he was sitting and 
“0” otherwise (0 = lying down, standing, 1 = sitting). 
To select the variables to be used as covariates in the final analyses of the 
ambulatory data, separate random effects regression analyses were first carried out on 
each potential covariate. Since endorsement of the items for consumption of 
medication and alcohol occurred on less than 1% of diary entries, these variables 
were excluded as covariates. The dependent variables SBP, DBP, MAP and HR were 
analyzed separately. Each potential covariate as well the person-level variables of 
body mass index (BMI) and family history of heart disease/hypertension were tested 
individually against each dependent variable (Table 3). Those potential covariates 
showing a significant bivariate relationship with at least one of the dependent 
variables were retained for later use. Covariates with no significant effects on any of 




Unstandardized regression estimates for covariates run seperately against each DV
Effect df df
Physical activity 11000 4.11 *** 3.42 *** 3.65 *** 12000 5.56 ***
Standing 11000 5.87 *** 5.50 *** 5.63 *** 12000 10.71 ***
Sitting 11000 -2.22 *** -1.34 *** -1.65 *** 12000 -5.92 ***
Hot 11000 2.38 *** 1.34 *** 1.66 *** 12000 6.50 ***
Cold 11000 -1.26 ** 0.44 -0.12 12000 -7.06 ***
Talked 11000 2.57 *** 2.80 *** 2.73 *** 12000 3.56 ***
Smoked 11000 2.15 * 2.73 *** 2.54 *** 12000 5.89 ***
Eaten 11000 -2.57 *** -1.27 *** -1.73 *** 12000 -3.98 ***
Caffeine 11000 1.93 *** 1.26 *** 1.46 *** 12000 2.17 ***
BMI 227 0.43 * 0.00 0.15 227 -0.36 *
History of CHD 227 -0.58 0.35 0.04 227 0.79
Note:  Medication and alcohol occurred less than 1% and were excluded as 
covariates. Because of the large dataset involved, SAS does not provide 
the exact number of degrees of freedom for the time-varying variables.
* p<.05, ** p<.01, *** p<.001
SBP DBP MAP HR
disease/hypertension had no significant effects on any of the dependent variables and 
was excluded from later analyses. Table 4 presents the means and standard  
deviations of the time-varying variables and dependent variables. The remaining 











2.9 Negative affect index 
Ratings of negative emotion were obtained by asking participants at each BP 
measurement to rate the extent to which they were feeling happy, sad, angry, 
frustrated, and stressed. Intensity for each emotion was rated on a four-point scale, 
from 1 (not at all) to 4 (very much so). To examine the underlying structure of these 
items, correlations were computed across all observations and emotion variables for 
each participant. Within participant correlations were then transformed using Fisher’s 
z and averaged across participants to get pooled correlations. Principle components 




Means and standard deviations for time-varying variables
and dependent variables
Variable M SD







Eaten something?b 0.23 0.42
Caffeine? 0.07 0.25
Feeling sad? (person mean) 1.58 0.50
Feeling sad? (time varying) c -0.01 0.57
Feeling angry? (person mean) 1.37 0.41
Feeling angry? (time varying) c 0.00 0.52
Feeling frustrated? (person mean) 1.52 0.49
Feeling frustrated? (time varying)c -0.02 0.63
Feeling stressed? (person mean) 1.68 0.61
Feeling stressed? (time varying) c -0.01 0.64
Negative emotions (person mean) 1.54 0.46
Negative emotions (time varying) c -0.01 0.42
Systolic blood pressure 115.40 13.30
Diastolic blood pressure 71.84 9.86
Mean arterial pressure 86.38 10.06
Heart rate 78.62 14.21
a Scaled from 1 (inactive)  to 4 (strenuous)
b Scaled 1 (yes) and 0 (no)
c Represents deviation from person mean
variance. Inspection of the loadings for this component showed high loadings for 
frustrated (.82) , angry (.78), stressed (.68) and sad (.64) and a low negative loading 
for happy (-.49). An index of negative affect was computed by averaging the ratings 
for frustrated, angry, stressed and sad. Coefficient alpha for this index showed 

















2.10 Statistical methods 
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Multilevel random-coefficients regression has been recommended for the 
analysis of EMA data (Schwartz and Stone, 1998). In the present study, SAS PROC 
MIXED (Littell et al., 1996) was used. PROC MIXED is a generalization of the 
general linear model and can handle unbalanced data, which are unavoidable in an 
ambulatory study, as well as both between- and within-subject effects. Between-
subject effects specified in the model were STAXI scores, genotype, gender and 
ethnicity. The within-subject effects were physical activity, standing, sitting, hot, 
cold, talking, smoking, caffeine consumption, and having eaten a meal as covariates 
and time-varying negative affect as an independent variable. 
Raw scores of momentary affect are likely to contain unknown between-
subject effects. As such Schwartz and Stone (1998) recommend creating a within-
person (WP) measure obtained by taking the difference between each real-time score 
and the person’s mean. This produces a person-centered measure of negative affect 
with a mean of zero that is uncorrelated with between-subject factors and is also used 
as a covariate. 
Mixed models provide an advantage over repeated measures analyses 
conducted using standard ANOVA programs. Repeated measures ANOVA requires 
complete data for all cases and an equal number of observations for each case 
whereas mixed models can readily handle missing data and an unequal number of 
observations for each case (Littell et al., 1996). In addition, mixed models allow the 
investigator to compare different error structures to determine the error structure most 
appropriate for the data before inferences about the F statistics are made (Littell et al., 
1996). The basic assumption of ANOVA is compound symmetry whereas spatial 
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power is hypothesized to be relevant for unequally spaced ABP data because 
measurements obtained more closely in time can be expected to be more highly 
correlated. A combination of these two error structures is the most general of these 
three structures (Brondolo et al., 1999). Examination of Akaike’s Information 
Criterion and Schwarz’s Bayesian criterion for alternative error structures showed 
that a combination of spatial power and compound symmetry best fit the data. As 
such the combined error structure was used for all analyses. Restricted maximum 
likelihood was used for estimating the parameters of the model. 
2.11 Preliminary analyses 
The initial analysis model involved the examination of the independent 
variables with 5HTTLPR using three genotype groups (HiHi, HiLo and LoLo). 
However, after a first run of the statistical analyses (Tables 9 and 10 in Appendix A), 
it was determined that higher order interactions could not be interpreted due to 
extremely small cell sizes for ethnic by gender groups with the HiHi genotype (Table 
11 in Appendix A). As a result, participants with the HiHi genotype had to be 











3.1 Emotion variables 
Frequency distributions for the emotion variables indicated that, as expected, 
negative emotions were reported for a minority of the observation periods. For 
sadness respondents rated their sadness as being a “2” (“a little”) or above 39.8% of 
the time whereas the figure for anger was 25.4%, frustration 31.4% and stressed 40%. 
Emotion ratings across all measurement periods were averaged to obtain a subject-
mean for each emotion. Four-way ANOVAs (with ethnicity, gender, and genotype as 
between-subject categorical variables and anger expression style as a continuous 
variable) were conducted on the subject-mean ratings for each emotion. The 
ANOVAs were run separately for each anger component (AI/OA) and each emotion 
variable (see Appendix B for ANOVA tables).  
Ethnic differences were found for ratings of anger, F(2,228)=5.79, p=.0036, 
sadness,  F(2,228)=3.54, p=.0308, and the negative affect index, F(2,228)=4.16,  
p=.0169. A marginally significant ethnic difference was found for frustration, 
F(2,228)=2.55, p=.0803. For anger, sadness, frustration and the negative affect index, 
Indians and Malays reported higher mean ratings than Chinese (Table 5). 
For gender, ANOVA on mean ratings for each emotion revealed significant 
differences in levels of sadness, F(1,228)=4.09, p=.0446, stress,  F(1,228)=7.16, 
p=.0081, and the negative emotion index, F(1,228)=4.94, p=.0274. Again, a 
marginally significant difference in levels of frustration was found, F(1,228)=3.35, 
p=.0685. Females reported higher levels of sadness, stress, frustration and negative 




Means (S.D.) of emotion variables by ethnicity
Indians Chinese Malays Total
n= 66 n= 108 n = 55 n= 229
Sadness 1.67 (0.50)a 1.49 (0.49)b 1.66 (0.50)a 1.59 (0.50)
Anger 1.45 (0.40)a 1.29 (0.37)b 1.46 (0.44)a 1.38 (0.41)
Frustration 1.57 (0.51)a 1.44 (0.45)a 1.60 (0.51)a 1.52 (0.49)
Stress 1.76 (0.65) 1.61 (0.57) 1.74 (0.61) 1.69 (0.61)
Negative Affect Index 1.62 (0.47)a 1.46 (0.42)b 1.62 (0.48)a 1.54 (0.45)
Note:  Means within a row sharing a common subscript are not significantly different
 at p<.05.
Table 6
Means (S.D.) of emotion variables by gender
Males Females Sig.
n= 115 n= 114
Sadness 1.52 (0.49) 1.65 (0.50) 0.0446
Anger 1.35 (0.39) 1.40 (0.42) 0.2627
Frustration 1.46 (0.45) 1.58 (0.51) 0.0685
Stress 1.58 (0.55) 1.79 (0.65) 0.0081














Additional significant differences for emotion variables were obtained as a 
function of AI and OA. Increasing levels of AI were associated with higher mean 
ratings of sadness, F(1,228)=8.22, p=.0046, anger, F(1,228)=4.98, p=.0268, 
frustration, F(1,228)=10.85, p=.0012, stress, F(1,228)=9.20, p=.0027, and negative 
affect, F(1,228)=10.37, p=.0015. Higher levels of OA were also associated with 
higher mean ratings for emotions (sadness, F(1,228)=8.13, p=.0048, anger, 
F(1,228)=21.74, p<.0001, frustration, F(1,228)=17.38, p<.0001, stress, 
F(1,228)=7.53, p=.0066, and negative affect, F(1,228)=14.98, p=.0001). The plot for 
the association between AI and the subject-mean ratings for negative affect is 













Figure 1. Association between anger-in and mean ratings of negative affect
the positive associations between AI and the specific emotion variables as well as 










To examine the extent to which dispositional anger related to self-reported 
feelings of anger, stress, frustration and sadness, correlations were obtained between 
emotions and dispositional anger scores (AI, OA). As mentioned above, ratings 
across measurement periods were averaged to obtain a subject-mean for each 
emotion. The correlation between the subject-means for each emotion and the anger 
components of AI and OA were obtained. For AI, correlations ranged from .13 to .22 
with all of the correlations statistically significant, r (229), all p<.05. For OA, 
correlations ranged from .20 to .31 with the all of the correlations statistically 
significant, r (229),  all p<.01 (see Appendix C for correlation table). 
3.2 Main analyses 
Multilevel random-coefficients regression was conducted to test each 
hypothesis with SBP, DBP, MAP and HR separately. Covariates were first entered 
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into the equation, along with the person means of negative affect and individual 
emotions as appropriate, followed by ethnicity, gender, genotype, anger component 
(AI or OA) and finally the time-varying measure of negative affect or specific 
emotions, as appropriate, with interaction terms also entered. Results of the analyses 
(tests of fixed effects) with AI and OA for negative affect are given in Tables 7 and 8, 
respectively. A large number of significant effects were obtained ranging from main 
effects to five-way interactions. Four- and five-way interactions were not interpreted 
for fear of spurious results.  
3.3 Ethnicity, anger-in and negative affect 
Although it was firstly hypothesized that individuals with high dispositional 
anger would show higher BP when reporting negative affect, a significant OA/AI by 
negative affect interaction was not obtained for any dependent variables. However, 
the second hypothesis of ethnicity as a moderator of the relationship between 
dispositional anger, negative affect and physiological variables was supported with a 
significant AI by negative affect by ethnicity interaction obtained for HR, 
F(2,12000)=5.97, p=.0026.  
As the scores of the anger components were entered as continuous variables, 
low and high levels of anger components were determined by calculating one 
standard deviation below and above the mean, respectively. Separate regression 
equations relating negative affect to dependent variables were then obtained for 
participants with high and low anger scores using procedures described by Aiken and 




Tests of fixed effects using anger-in for all dependent variables
Effect Num dfDen df Den df
BMI 1 203 0.83 0.01 0.25 203 1.97
Physical Activity 1 11000 194.80*** 156.97*** 210.31*** 12000 197.46***
Standing 1 11000 364.41*** 851.65*** 783.82*** 12000 1153.27***
Sitting 1 11000 124.14*** 448.92*** 358.52*** 12000 155.88***
Hot 1 11000 7.43 * 0.71 3.53 12000 113.79***
Cold 1 11000 0.09 4.13 * 1.46 12000 80.05***
Talk 1 11000 20.63*** 82.44*** 66.70*** 12000 63.93***
Smoke 1 11000 0.22 1.42 0.72 12000 17.85***
Eat 1 11000 68.66*** 15.19*** 42.36*** 12000 136.66***
Caffeine 1 11000 0.49 0.48 0.48 12000 0.19
NegAff mean 1 203 0.18 0.17 0.22 203 1.90
Ethnic 2 203 0.83 0.56 0.33 203 4.07 *
Gender 1 203 44.34*** 1.97 16.35*** 203 10.38 **
Ethnic x Gender 2 203 1.28 3.94 * 2.98 203 0.93
Genotype 1 203 0.40 0.29 0.42 203 0.49
Ethnic x Genotype 2 203 3.68 * 4.10 * 4.56 * 203 1.01
Gender x Genotype 1 203 0.46 2.56 1.68 203 0.41
Ethnic x Gender x Genotype 2 203 4.06 * 5.67 ** 5.12 ** 203 0.77
AI 1 203 1.29 0.59 1.03 203 1.68
AI x Ethnic 2 203 0.96 1.38 1.15 203 0.60
AI x Gender 1 203 1.86 0.00 0.44 203 2.14
AI x Ethnic x Gender 2 203 1.17 1.42 0.89 203 0.28
AI x Genotype 1 203 0.47 0.43 0.53 203 0.13
AI x Ethnic x Genotype 2 203 0.14 0.62 0.41 203 0.21
AI x Gender x Genotype 1 203 0.53 0.00 0.15 203 0.59
AI x Ethnic x Gender x Genotype 2 203 0.95 3.31 * 2.43 203 1.01
NegAff 1 11000 0.68 0.36 0.04 12000 0.05
NegAff x Ethnic 2 11000 3.04 * 0.63 1.89 12000 1.55
NegAff x Gender 1 11000 0.72 3.50 2.60 12000 1.26
NegAff x Ethnic x Gender 2 11000 0.37 1.82 1.23 12000 1.54
NegAff x Genotype 1 11000 0.70 0.56 1.81 12000 0.27
NegAff x Ethnic x Genotype 2 11000 3.52 * 0.20 0.42 12000 1.45
NegAff x Gender x Genotype 1 11000 0.60 1.44 1.47 12000 0.73
NegAff x Ethnic x Gender x Genotype 2 11000 0.50 1.59 2.07 12000 0.04
AI x NegAff 1 11000 0.20 0.66 0.77 12000 3.55
AI x NegAff x Ethnic 2 11000 0.09 1.51 0.53 12000 5.97 **
AI x NegAff x Gender 1 11000 0.04 0.09 0.01 12000 4.00 *
AI x NegAff x Ethnic x Gender 2 11000 0.37 2.18 1.52 12000 3.02 *
AI x NegAff x Genotype 1 11000 0.07 0.03 0.04 12000 3.17
AI x NegAff x Ethnic x Genotype 2 11000 0.15 0.69 0.24 12000 0.23
AI x NegAff x Gender x Genotype 1 11000 0.02 0.54 0.36 12000 0.79
AI x NegAff x Ethnic x Gender x Genotype 2 11000 0.29 4.11 * 2.88 12000 2.24
* p<.05, ** p<.01, *** p<.001
SBP DBP MAP HR







Tests of fixed effects using outward-anger for all dependent variables
Effect Num dfDen df Den df
BMI 1 203 0.94 0.09 0.09 203 1.73
Physical Activity 1 11000 196.53*** 156.34*** 210.85*** 12000 199.60***
Standing 1 11000 365.18*** 853.63*** 785.00*** 12000 1154.91***
Sitting 1 11000 124.51*** 449.54*** 358.97*** 12000 157.68***
Hot 1 11000 7.39 * 0.74 3.56 12000 113.43***
Cold 1 11000 0.08 4.05 * 1.43 12000 79.67***
Talk 1 11000 19.67*** 79.58*** 64.19*** 12000 61.65***
Smoke 1 11000 0.14 1.10 0.52 12000 17.17***
Eat 1 11000 69.16*** 15.78*** 43.26*** 12000 139.35***
Caffeine 1 11000 0.42 0.49 0.48 12000 0.19
NegAff mean 1 203 0.00 0.05 0.03 203 0.79
Ethnic 2 203 0.84 0.94 0.54 203 5.65 **
Gender 1 203 40.46*** 2.16 15.47*** 203 11.51 **
Ethnic x Gender 2 203 3.26 * 3.84 * 4.18 * 203 0.64
Genotype 1 203 0.49 0.04 0.24 203 0.12
Ethnic x Genotype 2 203 4.20 * 5.14 ** 5.58 ** 203 1.46
Gender x Genotype 1 203 0.02 1.56 0.69 203 0.45
Ethnic x Gender x Genotype 2 203 3.17 * 5.37 ** 4.61 * 203 0.16
OA 1 203 1.34 0.45 0.90 203 1.11
OA x Ethnic 2 203 1.55 1.46 1.58 203 1.47
OA x Gender 1 203 1.00 0.14 0.49 203 4.04 *
OA x Ethnic x Gender 2 203 0.22 1.06 0.72 203 0.19
OA x Genotype 1 203 0.45 0.04 0.04 203 0.37
OA x Ethnic x Genotype 2 203 0.22 0.23 0.24 203 0.06
OA x Gender x Genotype 1 203 1.58 0.00 0.38 203 0.10
OA x Ethnic x Gender x Genotype 2 203 0.37 0.34 0.09 203 2.83
NegAff 1 11000 0.18 4.05 * 1.67 12000 0.11
NegAff x Ethnic 2 11000 2.22 0.24 1.07 12000 0.72
NegAff x Gender 1 11000 0.56 5.89 * 3.54 12000 1.81
NegAff x Ethnic x Gender 2 11000 0.47 2.70 1.85 12000 0.16
NegAff x Genotype 1 11000 1.74 0.22 1.54 12000 0.32
NegAff x Ethnic x Genotype 2 11000 2.07 0.01 0.30 12000 2.28
NegAff x Gender x Genotype 1 11000 0.79 0.84 0.97 12000 0.17
NegAff x Ethnic x Gender x Genotype 2 11000 1.09 3.21 * 3.35 * 12000 0.70
OA x NegAff 1 11000 2.57 3.75 3.82 12000 0.00
OA x NegAff x Ethnic 2 11000 1.13 0.11 0.43 12000 0.61
OA x NegAff x Gender 1 11000 0.25 1.62 0.57 12000 1.18
OA x NegAff x Ethnic x Gender 2 11000 0.94 0.57 0.67 12000 1.61
OA x NegAff x Genotype 1 11000 0.02 0.00 0.01 12000 0.01
OA x NegAff x Ethnic x Genotype 2 11000 0.42 0.45 0.45 12000 1.91
OA x NegAff x Gender x Genotype 1 11000 0.71 0.12 0.00 12000 0.18
OA x NegAff x Ethnic x Gender x Genotype 2 11000 0.66 3.04 * 2.38 12000 1.31









































When simple interactions were tested for each ethnic group, only for Malays, 
F(1,2677)=7.30, p=.007, and marginally for Chinese, F(1,5962)=2.99, p=.0838, was 
the AI by negative affect interaction statistically significant. For Indians, the AI by 
negative affect interaction was not significant, F(1,3165)=2.20, p=.1383. 
Interestingly, Malays showed a different cardiovascular response pattern to situations 
involving negative affect and AI from Chinese participants. For Malays with high AI, 
increasing levels of negative affect were associated with decreased HR, whereas the 
opposite was true for Malays with low AI (Figure 2). This pattern was reversed for 
Chinese. In effect, only the pattern for Chinese supports the hypothesis that increasing 
levels of negative affect are associated with increased cardiovascular responses for 
individuals with high dispositional anger. Because a significant pattern was not 
obtained for Indians, the general prediction that Indians would display the strongest 
associations between dispositional anger and cardiovascular responses when reporting 























Separating the individual components of the negative affect index indicated 
that this pattern was due to significant three-way interactions for frustration, 
F(2,12000)=3.62, p=.0268, and perceived stress, F(2,12000)=6.39, p=.0017. Simple 
effects of the AI interaction with both emotions showed a significant effect for 
Malays, frustration, F(1,2677)=8.76, p=.0031, stress, F(1,2677)=4.88, p=.0273. For 
Malays, the patterns obtained for these emotions were similar to the pattern for 
negative affect. Additionally, simple effects to test the AI by stress interaction found 
this effect to be significant for Chinese, F(1,5962)=9.84, p=.0017, accounting for the 
marginally significant effect observed with negative affect for this group. Chinese 
showed the same pattern with stress as with negative affect (Figure 3). Simple effects 
with frustration, F(1,3165)=1.41, p=.2345, and stress, F(1,3165)=.02, p=.8982, again 
did not find a significant effect for Indians.  



























The third hypothesis was of an association between dispositional anger, 
negative affect and gender in determining cardiovascular response patterns. Indeed 
tests of this three-way interaction were significant for HR using AI, F(1,12000)=4, 
p=.0455. When simple interactions were tested for each gender group, the AI by 
negative affect interaction was significant for males, F(1,5821)=7.06, p=.0079, but 
not females, F(1,5992)=0.01, p=.9055. 
Increasing levels of negative affect were associated with increased HR for 
males with low AI whereas males with high AI showed no difference in HR (Figure 
4). The male pattern does not support the general hypothesis that high AI relates to 
higher cardiovascular responses as a function of negative affect. Females showed no 
difference in HR as a function of negative affect, irrespective of AI. 
Analyses with the individual emotions of negative affect indicated that this 
pattern was due to a significant three-way interaction obtained with perceived stress, 













Figure 5. Interaction of anger-in and stress on heart rate (BPM) for females.
be significant for males, F(1,5821)=3.88, p=.0488. The male pattern for stress was 










Although a significant AI by negative affect interaction was not obtained for 
females, a significant AI by stress interaction was obtained, F(1,5992)=4.35, p=.0370. 
Differing from the pattern for males, females with high AI showed higher HR when 
experiencing increasing levels of stress whereas females with low AI showed lower 
HR (Figure 5). As such, it can be concluded that differing cardiovascular response 
patterns were indeed observed for males and females as hypothesized, however, only 
females showed a pattern consistent with the hypothesis that high AI relates to higher 
cardiovascular responses when experiencing increasing levels of stress.  
It should be noted that an interaction between AI, negative affect, ethnicity 
and gender was also obtained for HR, F(2,12000)=3.02, p=.0489. However, this 
effect was not interpreted because of a high likelihood that this and other unexpected 
four and five-way interactions obtained in the analyses (Tables 7 and 8), were 
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statistical artifacts. Because this study investigated multiple independent variables 
using data from only 229 participants, there was little confidence and justification for 
interpreting interactions that were higher order than 3-way for fear of spurious results. 
Similarly, the results described below depict genotype interactions that are no higher 
than 3-way to avoid making unclear and erroneous conclusions about the role of 
5HTTLPR genotype on cardiovascular responses. The following sections describe a 
two-way interaction between ethnicity and negative affect and a three-way interaction 
between ethnicity, genotype and negative affect on cardiovascular responses. 
3.5 Ethnicity and  negative affect 
An ethnic by negative affect interaction for SBP was obtained, 
F(2,11000)=3.04, p=.0479. This effect was obtained solely as a function of negative 
affect and not the synergistic effect of an anger variable and negative affect. Simple 
effects by ethnicity however did not find the effect of negative affect to be significant 
for any ethnic groups, Indians, F(1,3033)=0.56, p=.4539, Chinese, F(1,5774)=2.23, 
p=.1356, and Malays, F(1,2537)=2.23, p=.1358. Nonetheless, a different SBP pattern 
was generally observed for each ethnicity (Figure 6). Malays showed increased SBP 
as a function of negative affect whereas Chinese showed decreased SBP. Indians 
showed no difference in SBP as a function of negative affect. Analyses with the 
individual emotions of negative affect found the ethnic by sadness effect for SBP to 
be significant, F(2,11000)=5.10, p=.0061. Simple effects by ethnicity to test the effect 
of sadness found a significant effect only for Chinese, F(1,5774)=10.64, p=.0011. 
Chinese showed significantly decreased SBP to increasing levels of sadness, as was 














Figure 6. Interaction of ethnicity and negative affect on diastolic blood pressure (mmHg).
of decreased SBP for Chinese and increased SBP for Malays were again respectively 








3.6 Genotype, ethnicity and negative affect 
An unexpected but important effect involving genotype was a three-way 
interaction between genotype, ethnicity and negative affect for SBP, 
F(2,11000)=3.52, p=.0296. When simple effects by ethnicity were conducted, the 
interaction of genotype and negative affect was found to be significant for Chinese, 
F(1,5774)=4.06, p=.0438, but not for Malays, F(1,2537)=2.39, p=.1223 or Indians, 
F(1,3033)=1.62, p=.2027. Additional simple effects by ethnicity and genotype 
revealed the effect of negative affect to be significant for Chinese with the HiLo 
genotype, F(1,2890)=6.16, p=.0132, and marginally significant for Malays with the 

























Examination of the plot for negative affect (Figure 7) reveals an opposite 
pattern between Malays and Chinese with the HiLo genotype. As mentioned above, 
Chinese with the HiLo genotype showed significantly decreased SBP as a function of 
negative affect whereas Malays with the HiLo genotype showed a near significant 
increase in SBP as a function of negative affect (Figure 7). Both Chinese and Malay 
LoLo groups showed no difference in SBP (Figure 7). 
Again, no significant effects were found for Indians. As such, the 
hypothesized pattern of stronger cardiovascular responses for individuals with the Hi 
allele was supported only by the pattern obtained for Malays. The HiLo genotype had 
an unexpected and reverse effect for Chinese. 
Analyses with individual emotions showed this effect to be due to a 











Figure 8. Effect of negative affect on diastolic blood pressure (mmHg).
Simple effects by ethnicity showed the effect of genotype and stress to be significant 
only for Malays, F(1,2537)=4.66, p=.0310. Further simple effects by ethnicity and 
genotype confirmed the effect of stress to be significant only for Malays with the 
HiLo genotype, F(1,1211)=4.34, p=.0374. Malays with the HiLo genotype showed 
the same pattern with stress as with negative affect described above. 







As an indicator of stress in the daily environment, negative affect was an  
independent cardiovascular determinant. A main effect of negative affect was 
obtained for DBP, F(1,11000)=4.05, p=.0441, (Figure 8). Analyses with the 
individual emotions of negative affect showed this effect to be significant for 
frustration, F(1,11000)=4.24, p=.0395. The plot for frustration shows the same 
pattern as negative affect. Contrary to the hypothesis however, increasing levels of 












Figure 9. Interaction of gender and negative affect on diastolic blood pressure (mmHg).
increased DBP which was the hypothesized direction. Notably, a negative 
relationship between negative affect and DBP was observed for males, but not 
females, in the next interaction. 
 
Another finding was a negative affect by gender interaction obtained for DBP, 
F(1,11000)=5.89, p=.0153. Simple effects by gender to test the effect of negative 
affect showed this effect to be significant for males, F(1,5621)=8.46, p=.0036, but not 
for females, F(1,5761)=0.30, p=.8534. For males, increasing levels of negative affect 
were associated with decreased DBP, whereas females showed no difference in DBP 
(Figure 9). Analyses with the individual emotions of the negative affect index showed 
this effect to be significant for frustration, F(1,11000)=8.98, p=.0027. Simple effects 
confirmed the effect of frustration for males, F(1,5621)=11.41, p=.0007. The plot for 
frustration showed the same gender patterns as negative affect described above. 
Importantly, the decreased DBP observed for males in this two-way interaction may 
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be linked to the following three-way interaction where males with the HiLo genotype 
showed marginally significant decreases in DBP to increasing levels of situational 
anger. 
It was lastly hypothesized that individuals with the Hi allele will show 
stronger associations between dispositional anger and time-varying negative affect 
than individuals with the Lo allele, however an interaction between AI/OA, negative 
affect and genotype was not obtained. A predicted two-way interaction between 
genotype and negative affect was also not obtained. Importantly however, when 
running analyses with the individual emotion variables, two significant three-way 
interactions with 5HTTLPR genotype were found which were not captured in 
analyses with negative affect. A three-way interaction between gender, genotype and 
situational anger was obtained for DBP, F(1,11000)=4.27, p=.0389. Additionally, 
while an AI/OA by negative affect by genotype interaction was not obtained, separate 
analyses with time-varying frustration showed a significant AI, frustration, and 
genotype interaction for HR, F(1,12000)=4.07, p=.0436. Because these interactions 
lend to the overall picture of the genotypic effects, these interactions are now 
described. 
Firstly, simple effects analyses were conducted for the situational anger by 
gender by genotype interaction. Simple effects to test the interaction of situational 
anger and genotype on DBP within each gender group found this effect to be 
marginally significant for males, F(1,5621)=3.76, p=.0525, but not females, 
F(1,5761)=0.81, p=.3679. Further simple effects by gender and genotype found the 















Figure 10. Interaction of gender, genotype and situational anger on diastolic blood 
pressure (mmHg). 
genotype, F(1,3199)=2.97, p=.0848, and not for any other groups. Males with the 











Simple effects analyses were also conducted for the situational anger by 
gender by genotype interaction. Simple effects by genotype for the AI by frustration 
interaction showed this effect to be significant for the LoLo genotype, 
F(1,5571)=7.46, p=.0063, but not the HiLo genotype, F(1,6242)=.22, p=.6373. 
Increasing levels of frustration were associated with increased HR for participants 
with the LoLo genotype and low AI but this was not the case for the their high AI 



























Figure 12. Interaction of gender and outward-anger on heart rate (BPM).
 
Thus far, all significant effects that were obtained with the negative emotion 
index (up to three-way interactions) have been reported. When these effects were also 
significant with individual emotion variables, these patterns have also been described. 
Results of the analyses (tests of fixed effects) with AI and OA for the emotion 
variables are presented in Appendix D. A final effect that was obtained was an OA by 





Simple effects analyses within each gender group showed the effect of OA to 
be significant for females, F(1,100)=5.94, p=.0166, and not for males, F(1,101)=0.35, 
p=.5572. Examination of the plot (Figure 12) shows that increasing levels of OA 
were related to decreased HR for females.  
3.8 Interactions among categorical variables 
Additional effects consisted of interactions among the categorical variables 
for dependent variables across all readings of the ambulatory monitoring period. 
Firstly, main effects for ethnicity were obtained for HR, F(2,203)=4.07, p=.0184. 
Examination of the means revealed that Indians (M=81.47) had significantly higher 
average HR than Malays (M=78.49, p=.0309) and Chinese (M=77.09, p=.0065) 
respectively. As expected, main effects for gender were also obtained for SBP, 
F(1,203)=44.34, p<.0001, MAP, F(1,203)=16.35, p=.0001 and HR, F(1,203)=10.38, 
p=.0015. For SBP and MAP, males (M=119.13, M=88.05, respectively) had 
significantly higher averages than females (M=111.65, M=84.7, respectively). For 
HR, females (M=80.68) had a higher average than males (M=76.57). 
In light of the higher averages observed for Indians (out of the ethnic groups) 
and for males (for SBP and MAP), it is not surprising that Indian males, in the ethnic 
by gender interactions, generally showed the highest averages in physiological 
variables. Ethnic by gender effects were found for SBP, F(2,203)=3.26, p=.0404, 
DBP, F(2,203)=3.84, p=.0230, and MAP, F(2,203)=4.18, p=.0166. The bar graphs 
















Out of the male groups, Indians had the highest averages followed by Chinese 
and Malays, whereas the reverse was true for females. There were no significant 














Figure 13. Average systolic blood pressure (mmHg) for Indian, Chinese












Figure 14. Average diastolic blood pressure (mmHg) for Indian, Chinese 
and Malay males and females.
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female groups. However, pairwise tests (least-squares means) adjusted for multiple 
testing (Bonferonni adjustment) showed several male groups to have significantly 
higher averages than female groups. Not unexpectedly, Indians males had 
significantly higher SBP and MAP than Indian females (p=.0001 and p=.0017 
respectively) and Chinese males had significantly higher SBP and MAP than Chinese 
females (p=.001 and p=.0006). Other significant differences were between males and 
females of differing ethnicities. A complete listing of groups with significant pairwise 








Ethnic by genotype effects were also obtained for SBP, F(2,203)=3.68, 
p=.0269, DBP, F(2,203)=4.10, p=.0079, and MAP, F(2,203)=4.56, p=.0115. 
Examination of the bar graphs for the three dependent variables (Figure 16, 17 and 















Figure 15. Average mean arterial pressure (mmHg) for Indian, Chinese 















Chinese with the LoLo genotype showed higher SBP, DBP and MAP than 
Chinese with the HiLo genotype. This pattern was reversed for Malays where 
individuals with the HiLo genotype had higher averages than their LoLo counterparts. 












Figure 16. Average systolic blood pressure (mmHg) for Indian, Chinese













Figure 17. Average diastolic blood pressure (mmHg) for Indian, Chinese 
and Malays with the HiLo  and LoLo  genotype.
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Malays with the LoLo genotype had markedly lower averages of SBP, DBP and MAP 
than all other groups. In particular, Malays with the LoLo genotype had significantly 
lower average DBP and MAP (Bonferonni adjusted p=.0199 and p=.0300, 
respectively) than Chinese with the LoLo genotype. These patterns are conditioned by 








Differences in average levels of SBP, DBP and MAP were obtained for ethnic 
by gender by genotype groups, SBP, F(2,203)=4.06, p=.0188, DBP, F(2,203)=5.67, 
p=.0040, and MAP, F(2, 203)= 5.12, p=.0068. Examination of the bar graphs (Figure 
19, 20, and 21) showed a consistent general pattern across dependent variables for 
male groups. Additionally, pairwise tests (least-squares means) adjusted for multiple 
testing (Bonferonni adjustment) indicated several significant differences between 














Figure 18. Average mean arterial pressure (mmHg) for Indian, Chinese 
and Malays with the HiLo  and LoLo  genotype.
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differences between gender by genotype groups of the same ethnicity. A complete 





























Figure 19. Average systolic blood pressure (mmHg) for Indian, Chinese and





















Figure 20. Average diastolic blood pressure (mmHg) for Indian, Chinese and
Malay males and females with the HiLo  and LoLo  genotype.
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Accounting for the previous effect where Chinese males with the LoLo 
genotype showed higher averages than their HiLo counterparts, Chinese males with 
the LoLo genotype had higher average SBP, DBP and MAP than their HiLo 
counterparts. For DBP and MAP this difference was significant (p=.0307 and 
p=.0456, respectively). Also parallel are the higher averages observed above for 
Malays with the HiLo genotype, relative to their LoLo counterparts, which are 
reflected in the higher averages for Malay males with the HiLo genotype relative to 
their male LoLo counterparts. Again, there were no discernable patterns for Indian 
genotype groups.  
Of particular interest is the fact that Malay males with the LoLo genotype 
showed the lowest DBP and MAP averages out of all the male and female groups. 
Their DBP and MAP averages were significantly lower than Chinese males with the 
LoLo genotype (both p=.0011) and Indian males with the HiLo genotype (p=.0073 
and p=.0460, for DBP and MAP respectively). There were no significant differences 
between female groups.  
Other significant differences were between male and female groups. Again 
accounting for the significant differences between Indian males and Chinese males 
and their respective female counterparts, Indian males with the HiLo genotype had 
significantly higher SBP and MAP than their female counterparts (p=.0439 and 
p=.0100) and Chinese males with the LoLo genotype had higher SBP and MAP than 







































Figure 21. Average mean arterial pressure (mmHg) for Indian, Chinese and




The aim of this study was to investigate the unique and joint effects of 
ethnicity, gender, 5HTTLPR genotype, and dispositional anger on cardiovascular 
responses to emotional stress. A large number of interactions as a function of both 
dispositional anger (AI and OA) and negative affect were obtained. To facilitate the 
interpretation of these effects, the ethnic, gender and genotype results are now briefly 
reviewed and then later discussed at length. 
As expected, a main effect of negative affect on cardiovascular responses was 
obtained. Surprisingly however, increasing levels of negative affect were associated 
with decreased DBP, instead of increased DBP as was hypothesized. A predicted 
two-way interaction between dispositional anger and negative affect was not 
obtained.  
A first group of findings were the gender-specific patterns which were 
obtained as a function of negative affect and separately as a function of OA. For 
males, increasing levels of negative affect related to decreased DBP whereas females 
showed no relationship between negative affect and DBP. As mentioned in the 
methods, OA was a created anger variable that encapsulated the effects of three 
STAXI scales (TA, AO and the reverse of the AC component). Increasing levels of 
OA related to increased HR for males, however females showed decreased HR as a 
function of OA. An additional three-way interaction showed increasing levels of 
negative affect to be unrelated to HR for males with high AI but increased HR for 
males with low AI. In contrast, females showed an expected pattern with high AI 
relating to increased HR and low AI to decreased HR as a function of stress. 
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A second group of findings were ethnic differences in SBP and HR. Chinese 
and Malays showed opposing SBP patterns to increasing levels of sadness, whereas 
no relationship was observed for Indians. Furthermore, in an ethnicity by AI by 
negative affect interaction, Chinese with high AI showed increased HR as a function 
of negative affect, whereas Chinese with low AI showed decreased HR. Malays again 
showed a reverse pattern from Chinese.  
A third group of findings were the novel interactions that involved 5HTTLPR 
genotype. An interaction between genotype, AI and frustration showed increasing 
levels of frustration to be associated with increased HR for participants with the LoLo 
genotype and low AI and decreased HR for their high AI counterparts. An additional 
three-way interaction found a near significant decrease in DBP to increasing levels of 
situational anger for males with the HiLo genotype. 
Finally, a three-way interaction showed the HiLo genotype to have an 
elevating effect on SBP for Malays but a reducing effect for Chinese as a function of 
negative affect. Differing effects of the alleles were also observed between Chinese 
and Malay males in average levels of the physiological variables. As this is the first 
study to document the effects of the 5HTTLPR polymorphism on cardiovascular 
responses in Singaporean ethnic groups, it is necessary to view these genotype results 
as exploratory. 
4.1 Negative affect 
To begin with, the main effect of negative affect is discussed. Negative affect, 
as a composite negative emotion index, was used to capture the situational emotions 
that influence physiological variables and as a marker of naturally occurring stress in 
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the daily environment. As mentioned above, the main effect of negative affect was 
found to be contrary to previous studies. While negative affect was an independent 
determinant of cardiovascular responses, increasing levels of negative affect were 
associated with decreased DBP. Negative emotions such as fear-anxiety, frustration 
and sadness are usually associated with heightened levels of CVR (Kamarck et al., 
1998; Siegman and Boyle, 1992).  
Interestingly, negative affect alone, and not the synergistic effect of 
dispositional anger and negative affect, was the strongest and most consistent 
predictor of ABP. Analyses with the individual emotions of negative affect largely 
showed the emotion variable of frustration to be responsible for significant patterns. 
Frustration may be an emotion variable that is particularly characteristic of stressful 
situations. Frustration (which may occur upon the interruption of some ongoing or 
planned activity) has been found to be the single most frequently mentioned factor in 
evoking anger (Averill, 1982). 
The reducing effect of negative affect on DBP may have been a result of the 
male response to the experience of negative emotion as a negative relationship 
between negative affect and DBP was observed for males, but not females, in the 
interaction between gender and negative affect discussed next. 
4.2 Gender findings 
Gender differences were observed in that increasing levels of negative affect 
were associated with decreased DBP for males, but were unrelated to DBP for 
females. The negative association with DBP for males is inconsistent with the widely 
documented tendency for male participants to exhibit larger physiological responses 
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to a variety of stressors (Anderson & McNeily, 1991). This tendency usually reflects 
males’ greater risk for early cardiovascular disease (Ewart & Kolodner, 1994).  It is 
interesting to note that significantly decreased DBP as a function of a specific 
negative emotion was also documented for males with the HiLo genotype as one of 
the genotype findings. This interaction is later discussed, however, it is conceivable 
that the HiLo genotype may contribute, to some extent, a reducing effect on BP for 
Singaporean males. The extent of this potential effect of the Hi allele however can 
only be confirmed by future studies. 
While null results may have been obtained for females as a function of 
negative affect, in the interaction between OA and gender, a negative association was 
observed for females. Increasing levels of OA (a tendency for high TA and anger 
expression) were associated with decreased HR for females, whereas for males, 
increasing levels of OA related to increased HR. The male pattern is consistent with 
studies that have found expressed anger and high TA to be related to higher HR 
(Siegman & Boyle, 1992; Engebretson et al., 1989) and CVR  (Durel et al., 1989; 
Markovitz et al., 1991; Ewart and Kolodner, 1994; Siegman, 1994; Abel et al., 1995; 
Shapiro et al., 1996; Siegman & Snow, 1997; Laude et al., 1997). The female pattern 
is contrary to the findings of these studies. The fact that OA related to lower HR for 
females is puzzling. However, there may be an explanation for this counter-intuitive 
effect. 
Interestingly, negative relationships between anger-out and MAP, SBP and 
DBP have previously been documented in a 24-hour ambulatory study investigating 
domain-specific anger expression and ABP (Bishop et al., 2008). Bishop et al. (2008) 
  
76
found that for ethnic Singaporeans, higher levels of anger-out related to decreased 
physiological variables and suggested that these contrary patterns may have stemmed 
from cultural differences peculiar to Singapore samples.  
For example, studies on anger expression and BP typically collect their data 
from Caucasian participants in the USA whereas the Singapore samples consist of 
Chinese, Malays and Indians (Bishop et al., 2008). Cultural norms for these latter 
groups may differ substantially from those found among Caucasians in Western 
countries. Chinese and Indian cultural norms strongly discourage the public 
expression of negative emotions such as anger and strongly encourage the control of 
emotion (Bond, 1993; Suchday & Larkin, 2004). These norms may produce a 
different pattern of BP for Singaporean ethnic groups than those observed in studies 
conducted with Caucasian participants (Bishop et al., 2008).  
 The fact that unexpected negative relationships between anger expression and 
physiological variables were similarly observed in a previous investigation with 
Indian, Chinese and Malay undergraduates is notable. Although the present study 
found female-specific decreases in HR as a function of a composite anger expression 
component, it is possible that this pattern was similarly a product of ethnic cultural 
norms coming into play. Cultural norms may have also contributed to the male 
decrease in DBP to increasing levels of negative affect. Taken together, there is 
support for both a negative and positive association between anger expression and 




A final gender difference comes from the interaction between gender, AI, and 
negative affect for HR. For this interaction, the pattern for males does not support the 
hypothesis that high dispositional anger is related to higher cardiovascular responses. 
Males with high AI showed no difference in HR when experiencing negative affect, 
whereas males with low AI showed increases. For females, the expected pattern was 
obtained where high AI related to increased HR and low AI to decreased HR as a 
function of stress.  
The female pattern is in line with studies that show holding anger in is 
associated with greater reactivity (Funkenstein et al., 1954; Holroyd & Gorkin, 1983; 
MacDougall et al., 1981; Harburg et al., 2003; Jorgensen et al., 2007). The finding of 
higher HR in response to stress for high AI females may have an important 
implication. If future studies conducted in Singapore replicate this HR pattern and 
also show significant associations with BP, following the reactivity hypothesis and 
given the relationship between increased CVR and CHD, women with higher levels 
of the habitual tendency to direct anger inwards are potentially at increased risk for 
the development of CHD. Several studies have shown that high levels of AI are 
associated with increased risk of CHD (Haynes, et al., 1980; Dembroski et al., 1985; 
MacDougall et al, 1985; Kneip et al., 1993). To ultimately decrease the risk of CHD, 
treatment options should be offered to women on the low end of the anger expression 
spectrum. Training to increase appropriate anger expression may be helpful for 
women who exhibit little or no aggression (Abel et al., 1995). 
For males however, it is not presently clear why low AI related to increased 
HR and why high AI was unrelated to HR as a function of negative affect. Future 
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studies may want to look into the actual reasons for this pattern. However, at this 
point, some speculation is possible. The expression of strong negative emotion is 
discouraged in university and enhanced CVR in distressed and overtly expressive 
individuals may have been a consequence of self-restraint (Engebretson, et al., 1989). 
One possibility is that because males with low levels of AI are not prone to direct 
anger inward, the practice of self-restraint when experiencing anger and related 
emotions was distressing, resulting in the increase in HR observed for this group. 
Conversely, males characterized by high levels of AI may have coped well enough 
with their negative feelings or conflict over their negative feelings that they did not 
manifest cardiovascular arousal. Clearly, without information on participants’ 
preferred anger expression style in different domains, this interpretation cannot be 
confirmed and awaits further investigation. The results of these interactions provide 
further support for gender differences in the role of dispositional anger in the etiology 
of CHD. Although this is not the first cardiovascular study conducted in Singapore to 
include both males and females, this is the first study to document these gender-
specific patterns in Singaporean Indians, Chinese and Malays. As such, these gender-
specific patterns are in need of replication.  
4.3 Ethnic findings 
Evidence for ethnic differences comes from a three-way interaction between 
AI, negative emotion and ethnicity for HR and a two-way interaction between 
ethnicity and negative affect for SBP. Both interactions provide additional support for 
the hypothesis that Indians, Chinese and Malays in Singapore show differing 
cardiovascular patterns to situations involving anger and related emotions. In the 
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three-way interaction, HR was an increasing function of negative emotion for Chinese 
with high AI and Malays with low AI scores, but a decreasing function of negative 
emotion for their respective counterparts.  
Some parallels can be drawn to a previous study conducted in Singapore. In 
the study by Enkelmann et al. (2005), which also investigated cardiovascular 
responses in the daily environment, the same respective patterns for Chinese and 
Malays were found using hostility behavioral index (HBI) scores. HR was an 
increasing function of negative affect for Chinese with high HBI scores and Malays 
with low HBI scores. Importantly, in the Enkelmann et al. (2005) study, only the 
pattern for Malays was significant. In the present study, simple interaction analyses 
found the patterns for both Chinese (as a function of stress) and Malays (as a function 
of negative affect, frustration and stress) to be significant. Because hostility and AI 
are distinct constructs, the replication of the Chinese and Malay patterns in this study 
using AI is interesting.  
An additional similarity between the Enkelmann et al. (2005) study and the 
present study is that significant BP associations between anger/hostility and negative 
affect were not obtained for Indians. In the present study, the Indian pattern was 
inconsistent across emotion variables and did not appear to support the hypothesis 
that Indians with high anger would display the greatest physiological responses to 
negative affect. As such, conclusions about the Indian pattern cannot be drawn from 
this study. 
The finding of reduced HR to the experience of negative affect for Malays 
with high AI is contrary to most findings concerning the effects of negative emotion 
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on HR. For the most part, laboratory and ambulatory studies show the relationship 
between negative emotion and HR to be positive (Brosschot & Thayer, 2003, Ekman 
et al., 1983, Labouvie-Vief et al., 2003). One exception to this finding is a study by 
Eisenberg et al. (1988) where preschool children showed HR deceleration in response 
to sad films.   
Notably, the reverse patterns shown by Chinese and Malays in the above 
interaction is again highlighted in the two-way interaction. The two-way interaction 
showed increasing levels of negative emotion to be related to decreased SBP for 
Chinese, increased SBP for Malays and unrelated to SBP for Indians. Importantly, 
these patterns may be a result of ethnic-specific effects of the Hi allele. In the same 
interaction but with the added effect of genotype group, decreased SBP for Chinese 
and increased SBP for Malays was again observed, but only for the HiLo group. This 
effect is discussed next. 
4.4 Genotype findings 
With the goal of shedding light on previously obtained CVR patterns among 
Singapore’s ethnic groups, the 5HTTLPR polymorphism was included as an 
independent variable in this investigation. The functional roles of the Hi and Lo 
alleles on cardiovascular responses varied as a function of each of the other 
independent variables in the interaction. From the results, it is clear that central 
serotonergic activity plays a role in sympathetic activity and stress response. 
However, this role appears to involve several other moderating factors whose 
interactive effects are complex and cannot be fully understood without further 
research. As such, the genotypic interactions and patterns discussed here should 
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solely be viewed as exploratory and with the understanding that the implications of 
these effects may become clear with further research.  
Important evidence for genotype differences comes from a three-way 
interaction between ethnicity, genotype and negative affect for SBP. This interaction 
was significant for Chinese with the HiLo genotype who showed lower SBP and 
marginally significant for Malays with the HiLo genotype who showed higher SBP 
when experiencing negative affect6. As such, Malays showed a pattern consistent 
with the hypothesis that the Hi allele is related to higher cardiovascular responses as a 
function of negative affect whereas this is not supported with the Chinese pattern. For 
both ethnicities, LoLo groups showed no difference in SBP. 
Interestingly, the opposing effects of the HiLo genotype for Chinese and 
Malays was a theme that was continued in analyses of average BP levels for Chinese 
and Malay male genotype groups. Three fairly robust ethnic by gender by genotype 
interactions (SBP, p=.019, DBP, p=.004, and MAP, p=.007) showed Chinese males 
with the HiLo genotype to have lower average levels of SBP, DBP and MAP (taken 
across all readings of the ambulatory monitoring period) than their LoLo 
counterparts7. In contrast, Malay males with the HiLo genotype consistently showed a 
pattern of higher SBP, DBP and MAP than their LoLo counterparts.  
The increased BP to the experience of stress exhibited by Malays with the 
HiLo genotype, combined with the trend for higher average BP levels observed for 
males of this group, evoke the idea that the HiLo genotype may be working to elevate 
                                                 
6 Malays with the HiLo genotype showed this pattern to be significant in analyses with time-varying 
stress. 
7 For DBP and MAP, this difference was significant. 
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cardiovascular responses in Malay males. By the same token, Malay males with the 
LoLo genotype showed markedly lower averages than the HiLo group and lower 
averages than all other ethnic by gender by genotype groups, even their female 
counterparts. A relative protective effect of the LoLo genotype is in line with the 
expected effect of the s allele on cardiovascular responses, however why this 
reducing effect was only exhibited by Malay males with the LoLo genotype and not 
other LoLo groups as well is not known. The favorable and reducing effect of the 
LoLo genotype (and the possible elevating effect of the HiLo genotype) on the daily 
average BP levels of Malays (not females) are important findings of the role of 
5HTTLPR genotype on cardiovascular responses. These findings are consistent with 
the hypothesized effects of the alleles on physiological responses.  
For Chinese with the HiLo genotype, the finding of decreased SBP as a 
function of negative affect as well as the lower physiological averages (relative to the 
LoLo group) exhibited by males is puzzling because it is opposite to the hypothesized 
effect of the Hi allele. It is possible that the Hi allele has a protective effect on BP 
exclusively for the Chinese population, which, if true, is interesting in light of the fact 
that Chinese have the lowest incidence of acute MI and rates of CHD observed in 
Singapore (Tai & Tan, 2004). Clearly, these patterns need to be replicated before any 
firm conclusions can be drawn.  
 If future studies can indeed confirm a protective effect of the LoLo genotype 
(and a potentially elevating effect of the HiLo genotype) on BP for Malays or/and an 
elevating effect of the LoLo genotype on BP for Chinese (reducing effect of the HiLo 
genotype), this may have several far-reaching implications. Based on these allele-
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specific effects on average BP as well as BP in response to stress, we may be one step 
closer to the identification of Chinese and Malay men who may at higher risk for 
developing CHD. 
To determine if these patterns are meaningful, follow-up studies using larger 
cohorts in Singapore with both disease incidence and genotype data would have to 
show that Chinese males with the HiLo genotype and Malay males with the LoLo 
genotype had lower incidence of CHD relative to their counterparts. If replicated, the 
larger message would be that the extent of the 5HTTLPR genotype as a mediator of 
cardiovascular patterns and as a risk factor for CHD largely depends on the ethnic, 
gender and genotype group in question.  
It should be noted that in analyses with negative affect, the expected lower-
order interactions with genotype (such as an AI/OA by negative affect by genotype 
interaction, a negative affect by genotype interaction or a main effect of genotype) 
were not found. However, in analyses with specific negative emotions, a frustration 
by AI by genotype interaction was obtained for HR and a situational anger by gender 
by genotype interaction was obtained for DBP. The former interaction showed 
significant effects for the LoLo genotype and not the HiLo genotype. As a function of 
frustration, low AI related to increased HR for the LoLo genotype whereas high AI 
related to decreased HR. The latter interaction showed a near significant decrease in 
DBP for males with the HiLo genotype as a function of situational anger. This pattern 
obtained for the HiLo group, as mentioned, may account for the decreased DBP 
exhibited by males to increasing levels of negative affect discussed earlier.  
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The implications of these genotype patterns are not clear. Firstly, counter-
intuitive patterns were obtained for the LoLo genotype where low AI related to 
increased HR and high AI related to decreased HR. Secondly, the near significant 
pattern for the HiLo genotype showed a reducing effect on DBP for males. A 
reducing effect of the HiLo genotype does not support the finding by Williams et al. 
(2001) where the l (Hi) allele was found to be associated with heightened 
physiological responses to psychological stress. To confirm this pattern, future studies 
would need to further investigate 5HTTLPR genotype and gender patterns in 
Singapore. 
Finally, it should also be noted that unexpected four- and five-way 
interactions were obtained where 5HTTLPR genotype was a significant determinant 
of DBP responses for Indian, Chinese and Malay males and females as a function of 
both dispositional anger and negative affect. However, because of the large number of 
independent variables involved, it was not prudent to analyze and interpret these 
effects. 
Clearly, a complete picture of the allelic effects and the nature of their role in 
determining cardiovascular response patterns will not be afforded until future CVR 
studies in Singapore attempt to replicate these patterns and further investigate 
5HTTLPR genotype. It may be the case that the Hi and Lo alleles have different 
effects on the CNS and stress response of Singaporean ethnic groups compared with 
the black and white sample of Williams et al. (2001) study. This would explain why 
the HiLo genotype did not uniformly escalate BP and HR responses for all ethnic and 
gender groups, but only for Malays and Malay males. The Singaporean ethnic groups 
  
85
of Chinese, Malays, and Indians each represent different genetic pools. Because the 
5HTTLPR polymorphism is reported to have global variation in allele frequencies, 
haplotype presentations and linkage disequilibrium (Ramasubbu et al., 2003), the 
effects of this target gene can differ from group to group, as a result of its interplay 
with genetic background that differs with each ethnicity (gene x gene effects or 
epistasis). It is possible that in different populations, the 5HTTLPR alleles are in 
linkage disequilibrium with different loci that result in varying levels of 
transcriptional efficiencies (Williams et al., 2003).  
The allelic effects on CVR which varied in ways that differ for ethnic and 
gender groups is not surprising given the fact that 5HTTLPR genotype has effects on 
personality dimensions and CNS serotonergic function that also vary as a function of 
ethnicity and gender (Williams et al., 2003). For example, 5HTTLPR genotype 
influences an index of CNS 5-HT function - levels of the major 5-HT metabolite 
5HIAA in cerebrospinal fluid,  in ways that vary as a function of both race and gender 
(Williams et al., 2003). The s allele is associated, when homozygous, with higher 
metabolite levels in African Americans, but with lower levels among Caucasian 
subjects (Williams et al., 2003). Among women, the s/s genotype is associated with 
higher metabolite levels but with lower levels among men (Williams et al., 2003). 
The ethnic specific effects of 5HTTLPR genotype upon such direct biological indices 
of serotonergic function hint at its potentially complex effects upon related biological 
characteristics, such as sympathetically mediated CVR to psychological stress 
(Williams, 2007). If future studies also obtain ethnic by genotype and perhaps gender 
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by genotype patterns, the functional role of the 5HTTLPR genotype on the reactivity 
patterns of Indian, Chinese and Malay males and females may become clearer. 
4.5 Limitations 
A number of limitations of this study need to be addressed. Firstly, it is 
important that these results be replicated in a broader sample. The participants in this 
research were all students in a tertiary educational institution who were relatively 
young and cannot be considered to be representative of Indian, Chinese and Malay 
Singaporeans. To increase generalizability, it is recommended that future studies use 
the general Singapore population for their study sample and not undergraduate 
students.  
Secondly, this study only investigated ambulatory HR and BP. While initial 
efforts were made to include the total peripheral resistance index (TPRI) and cardiac 
output (CO) variables during the compilation of the dataset, technical difficulties 
resulted in the dropping of hemodynamic data from the final dataset. The 
investigation of hemodynamic data in future studies could be very enlightening 
especially for the interpretation of ethnic and gender BP responses to naturally 
occurring everyday events.  
Notably, there was only one interpreted interaction that involved OA (an OA 
by gender interaction). Because research results on the relationship of anger 
expression styles to BP have been mixed, the lack of findings in regards to OA is not 
particularly surprising. The larger number of effects obtained with the AI component 
is suggestive of the possibility that Indians, Chinese and Malays have a higher 
tendency towards and capacity for habitually directing anger inwards. It could be the 
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case that for ethnic undergraduate students, who presumably spend a large part of 
their daily life in a university setting, the domain of AI requires less provocation 
before changes in CVR occur.  
Because this study did not take into account domain specific anger-
expression, it is difficult to determine the role of situational circumstances such as 
location and specific settings which may have influenced the direction of anger-
expression and its subsequent impact on BP. For example, people have reported 
expressing their anger more openly and less inwardly in the home environment than 
at their work place (Bongard &Absi, 2003). Furthermore, men and women differ in 
their anger expression behavior, depending on the situation where they experience 
anger (Bongard & Absi, 2005). Thus, the assessment of anger expression as a trait 
that ignores situational factors may be regarded as another limitation.  
Because this investigation already included a large number of independent 
variables, the further inclusion of the domain-specific assessment of an individual’s 
anger expression would have been too ambitious. Additionally, it should be noted that 
the effect of OA on the female HR response was obtained in a direction that was 
consistent with a previous study that did investigate domain-specific anger expression 
within the same ethnic and gender groups (Bishop et al., 2008). Future investigators 
may find the assessment of anger expression styles and BP in specific settings to be 
more sensitive to potential ethnic, gender and genotype differences. Associations 
between anger expression style and BP, as well as potential interactive effects with 
other variables such as genotype, may be stronger if the anger-BP relationship is 
clearer, possibly by taking into account domain-specific anger expression.  
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Furthermore, relative to other studies, the absolute size of the effects obtained, 
although significant, were quite small8. Examination of several significant patterns 
showed a very small magnitude of difference in the dependent variables between high 
and low levels of reported negative affect. For example, in the interaction between 
gender and negative affect, males showed significantly decreased DBP to increasing 
levels of negative affect. However, the magnitude of decrease in DBP when 
experiencing low levels of negative affect compared to when experiencing high 
levels, was only .65 mmHg. While modest increases or decreases were also obtained 
for other groups in other interactions, these differences should be viewed in context. 
The sample of this investigation were relatively young undergraduate students and it 
has previously been suggested that small differences in HR and BP in young subjects 
may become clinically relevant during an individuals’ life span (Paffenbarger et al. 
(1968). For example, in a study by Paffenbarger et al. (1968), it was shown that 
current middle-aged hyper- and normotensives differed in their BP levels during their 
college years (22–31 years earlier) by only 8 mmHg for SBP and 4 mmHg for DBP. 
Several other studies have shown that small BP differences at a young age are 
associated with hypertension risk (Rabkin et al. 1982; Al’Absi et al. 1995).  
A final limitation of this study is the failure to detect more conclusive 
genotype differences. This may stem from the fact that the study sample only 
included HiLo and LoLo participants. The implications of this are that while the 
interplay of the HiLo and LoLo genotype with the other independent variables may 
                                                 
8 It was not possible to report effect sizes because the statistical program used (Proc Mixed) does not 




have been captured, the potential effects of the HiHi genotype, which could have 
shown more consistent genotype differences in reactivity than shown here, were lost 
on this study. However the decision to exclude the HiHi group from the analyses was 
the only appropriate one, as both the inclusion of the HiHi group with the present cell 
sizes as well as the collapsing of the HiHi group with the HiLo group, would have 
yielded misleading results. To correct this, future studies would need to recruit a 
larger number of participants with the HiHi genotype.  
The population stratification of the promoter-region polymorphism may be an 
important consideration when constructing or testing future hypotheses (Ramasubbu 
et al., 2003). The relative rarity of the HiHi genotype should be noted. 5HTTLPR 
genotypes exist in different frequencies in different ethnic groups. The l allele ranges 
from 70% in Africa and African Americans to 50% in Europeans to less than 30% in 
China and Japan (Gelernter et al., 1999). In the Caucasian population, l allele 
frequencies are higher (55–63%) than s allele frequencies (36–45%) (Ramasubbu et 
al., 2003), however in the Chinese and Japanese populations very low frequencies of 
the l allele and high frequencies of the s allele are observed (Ramasubbu et al., 2003). 
4.6 Future directions 
  Altogether, the results of this study highlight a number of directions for future 
research. Those designing the next generation of studies aimed at elucidating the 
impact of the 5HTTLPR genotype and its interplay with psychosocial factors would 
be well advised to include the HiHi genotype, as this genotype group may be key in 
producing clearer gene-environment interactions. Additionally, future investigators 
may find it preferable to examine the joint effects of genotype and domain-specific 
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anger expression, instead of dispositional anger expression, upon CVR. An advanced 
understanding of anger-BP relationships that includes the greater sensitivity of 
domain-specific measures may help to capture relationships with other independent 
variables which may have otherwise been missed.  
Furthermore, it would be interesting to see the interplay of genotypic effects 
on cardiovascular responses as a function of other psychosocial variables such as 
social stress as well as the effect of the alleles on the outcomes of training in 
cardiovascular intervention programs. For example, behavioral interventions that 
teach stress coping skills reduce not only psychosocial risk factors but also BP both at 
rest and in response to psychological stress (Bishop et al., 2005). How 5HTTLPR 
genotype may potentially factor into any reduction in psychosocial risk or whether 
any genotype differences exist in reductions in resting HR and BP, as well as 
reduction in CVR to situational stress, may be particularly interesting.  
It is important to increase this line of research. Genotype groups for the 
present analyses were based on findings by Hu et al. (2006) who have demonstrated 
that a single nucleotide polymorphism located in the l allele determines whether the 
allele acts like an l or an s allele in terms of effects on 5-HTT mRNA. Additional 
sources of epistasis within the 5-HTT gene have been described (Hranilovic, et al., 
2004; Kilic, et al., 2003; Prasad, et al., 2005) and it is likely that still more will be 
identified (Hariri & Holmes, 2006).  Increasingly sophisticated statistical models will 
likely enable future studies to investigate the combined effects of multiple 
polymorphisms on biological factors related to CHD. A broader understanding of 
genetic factors controlling 5-HTT function, as well as non-5-HTT sources of 
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epistasis, is needed before the effects of 5-HTT gene variation on emotional 
phenotypes and subsequent CVR can be predicted (Hariri & Holmes, 2006).  
As more information is gathered on genes that regulate serotonin synthesis, 
there is a greater need to assess the candidate endophenotypes that they influence 
(health risk behaviors, metabolic syndrome components, CVR to stress, hemostatic 
and immune system functions) (Williams et al., 2008). It will also be important to 
assess the sample for psychosocial variables (stressful life circumstances, low 
socioeconomic status, jobs that impose high demands with little control) that 
contribute to pathogenesis both directly and via interaction with candidate genes 
(Williams et al., 2008). 
4.7 Summary 
Two types of dispositional anger (AI and OA) were measured to provide 
greater sensitivity for the detection of important physiological associations with the 
experience of negative affect. While the main effect of negative affect was not 
obtained in the expected direction, situational emotions in the daily environment 
nonetheless appeared to be effective in capturing the potential root of the relationship 
between dispositional anger and ABP.  
The decreased DBP observed for males as a function of negative affect, as 
well as the null HR results for high AI males to the experience of negative affect were 
not in support of the general literature, which mostly cite increases in physiological 
variables in response to psychological stress. The HR decrease to increasing levels of 
OA observed for females was also contrary to the hypothesized effect of anger 
expression. Cultural norms specific to Singaporean ethnic groups, which may differ 
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substantially from those generally found among Caucasians in Western countries, 
could be responsible for the different patterns in BP and HR observed (Bishop et al., 
2008). Alternatively, the decreased DBP to negative affect observed for males could 
be a gender-specific effect of the HiLo genotype as decreased DBP was also observed 
for males of this group in a three-way interaction. 
Consistent with prior literature was the male HR increase to OA. The higher 
HR to the experience of stress observed for high AI females was also in support of the 
hypothesized effect of withheld anger upon CVR. The latter pattern may suggest that 
females with high levels of AI are cardiac reactors and consequently at potential 
increased risk for CHD. Should this pattern be replicated, it may hold important 
clinical implications.  
For the ethnic findings, one inconsistency with the general literature was the 
negative association between physiological variables and negative emotion for high 
AI Malays. On the other hand, the patterns for Chinese and Malays were parallel to 
those obtained in previous studies conducted in Singapore. The replication of the 
Chinese and Malay patterns in the present study suggest that these are true and 
reliable findings, however conclusions cannot be drawn about the Indian pattern. 
Additionally, opposing patterns to negative affect were obtained between Chinese and 
Malays which were found to be parallel to patterns exhibited by Chinese and Malays 
with the HiLo genotype. 
Genotype results suggest that the extent to which 5HTTLPR genotype and 
dispositional anger contribute to heightened CVR depends on interactions with 
ethnicity, gender and emotional stress in the daily environment. For Malays, the HiLo 
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genotype was not only associated with increased BP to the experience of stress, but 
also appeared to elevate BP levels throughout the day and in the absence of negative 
affect (not for females). On the other hand, the HiLo genotype had the opposite effect 
on Chinese who showed decreased BP to increasing levels of negative affect and 
lowered levels of physiological variables taken throughout the day. If these findings 
are replicated, the HiLo genotype may incline Malay males to heightened CVR while 
harboring a protective effect on the cardiovascular responses of Chinese males. The 
differing effects of the alleles on the average BP responses of Malays and Chinese as 
well as the BP responses to negative affect are notable effects of the 5HTTLPR 
genotype that should be further investigated with future research. 
Other genotype patterns were increased HR for the LoLo genotype and low AI 
group and decreased HR for their high AI counterparts as a function of frustration. As 
mentioned above, a marginally significant decrease in DBP was also found for males 
with the HiLo genotype to increasing levels of situational anger. These patterns do not 
support the finding by the Williams et al. (2001) study, where the Hi allele related to 
higher cardiovascular responses as a function of psychological stress. These results 
provide preliminary evidence of the role of 5HTTLPR genotype on cardiovascular 









Together, the results obtained replicate previous findings demonstrating ethnic 
differences in physiological responses to stress, provide gender differences in 
reactivity as well as provide preliminary findings regarding the 5HTTLPR genotype 
and its effect on ethnic and gender cardiovascular responses. The patterns of a 
considerable number of genotype interactions suggest moderate genetic influences 
upon CVR and point to the importance of considering the interactive effects of 
ethnicity, gender and dispositional anger in the determination of cardiovascular 
responses to negative affectivity.  
5HTTLPR genotype was a significant cardiovascular determinant for several 
ethnic by gender groups and a few important patterns have been delineated. However, 
the implications of the patterns obtained and how they relate to the CHD risk for the 
ethnic groups involved are still unclear. It is clear however that the Hi allele is not 
uniformly associated with heightened CVR to stress as was hypothesized, but in ways 
that differ for each ethnic and gender group. Factors such as gender, ethnicity, and 
population are all associated with differences in the effects of polymorphisms in 
serotonin-related genes (Williams et al., 2003). This picture of the genetically 
mediated patterns is by no means complete, however the patterns obtained here are a 
first step and as a useful platform from which future studies investigating the 
5HTTLPR genotype can compare results. If the reported patterns find support in 
future studies, ethnic and gender differences in CVR to stress and related emotions 
will be importantly pinpointed to genetic variation in the serotonin transporter gene. 
An understanding of the allelic roles of 5HTTLPR on CVR, as well as their 
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interactive effects with coronary-prone personality variables, has practical 
implications in enabling clinicians to target and treat individuals predisposed 
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SBP DBP MAP HR
Effect Num dfDen df F F F Den df F
BMI 1 214 1.52 0.09 0.62 214 1.04
Physical Activity 1 12000 189.72 *** 163.79 *** 209.90 *** 13000 211.83 ***
Standing 1 12000 410.56 *** 915.40 *** 856.60 *** 13000 1204.63 ***
Sitting 1 12000 135.56 *** 478.14 *** 384.24 *** 13000 168.48 ***
Hot 1 12000 5.15 * 0.15 1.93 13000 119.03 ***
Cold 1 12000 0.16 4.51 * 1.69 13000 85.43 ***
Talk 1 12000 70.54 *** 18.22 *** 47.39 *** 13000 153.59 ***
Smoke 1 12000 24.58 *** 85.12 *** 71.72 *** 13000 75.37 ***
Eat 1 12000 1.16 0.35 0.64 13000 0.07
Caffeine 1 12000 0.33 2.02 1.14 13000 17.85 ***
NegAff mean 1 214 0.14 0.16 0.19 214 1.79
Ethnic 2 214 1.91 1.32 1.57 214 0.59
Gender 1 214 28.12 *** 6.81 ** 16.61 *** 214 2.49
Ethnic x Gender 2 214 1.24 3.88 * 2.93 214 0.93
Genotype 2 214 0.54 0.16 0.36 214 0.33
Ethnic x Genotype 4 214 2.32 2.95 * 3.10 * 214 1.01
Gender x Genotype 2 214 0.21 2.92 1.41 214 1.10
Ethnic x Gender x Genotype 2 214 3.75 * 5.47 ** 4.80 ** 214 0.84
AI 1 214 0.78 1.09 1.10 214 0.24
AI x Ethnic 2 214 0.64 0.54 0.64 214 0.08
AI x Gender 1 214 1.47 0.10 0.68 214 0.01
AI x Ethnic x Gender 2 214 1.13 1.44 0.89 214 0.30
AI x Genotype 2 214 0.29 0.47 0.44 214 0.08
AI x Ethnic x Genotype 4 214 0.29 0.33 0.25 214 0.14
AI x Gender x Genotype 2 214 0.28 0.16 0.18 214 2.70
AI x Ethnic x Gender x Genotype 2 214 0.89 3.22 * 2.31 214 0.97
NegAff 1 12000 0.19 0.03 0.12 13000 0.00
NegAff x Ethnic 2 12000 0.09 1.43 1.17 13000 0.63
NegAff x Gender 1 12000 1.62 0.31 0.02 13000 0.18
NegAff x Ethnic x Gender 2 12000 0.38 1.88 1.27 13000 1.88
NegAff x Genotype 2 12000 0.68 0.34 0.69 13000 0.25
NegAff x Ethnic x Genotype 4 12000 2.35 0.85 0.74 13000 0.72
NegAff x Gender x Genotype 2 12000 2.49 1.00 1.68 13000 0.58
NegAff x Ethnic x Gender x Genotype 2 12000 0.55 1.52 2.17 13000 0.09
AI x NegAff 1 12000 0.10 0.85 0.63 13000 1.11
AI x NegAff x Ethnic 2 12000 0.53 1.79 1.22 13000 0.47
AI x NegAff x Gender 1 12000 1.25 2.42 2.41 13000 7.14 **
AI x NegAff x Ethnic x Gender 2 12000 0.30 1.90 1.34 13000 3.02 *
AI x NegAff x Genotype 2 12000 0.05 0.28 0.18 13000 1.65
AI x NegAff x Ethnic x Genotype 4 12000 0.38 0.87 0.68 13000 0.82
AI x NegAff x Gender x Genotype 2 12000 1.45 1.70 1.96 13000 1.43
AI x NegAff x Ethnic x Gender x Genotype 2 12000 0.19 4.22 * 2.84 13000 2.18
Note: Genotype variable includes HiHi, HiLo  and LoLo  groups.
* p<.05, ** p<.01, *** p<.001
Table 9
Preliminary analyses: tests of fixed effects using anger-in for all dependent variables






SBP DBP MAP HR
Effect Num dfDen df F F F Den df F
BMI 1 214 0.84 0.08 0.08 214 1.29
Physical Activity 1 11000 191.14 *** 162.43 *** 209.76 *** 13000 213.96 ***
Standing 1 11000 411.67 *** 919.45 *** 859.14 *** 13000 1208.43 ***
Sitting 1 11000 136.03 *** 479.38 *** 385.07 *** 13000 170.98 ***
Hot 1 11000 5.02 * 0.17 1.91 13000 118.77 ***
Cold 1 11000 0.15 4.48 * 1.69 13000 84.97 ***
Talk 1 11000 71.06 *** 18.85 *** 48.31 *** 13000 156.14 ***
Smoke 1 11000 23.61 *** 82.45 *** 69.32 *** 13000 73.06 ***
Eat 1 11000 1.08 0.39 0.67 13000 0.06
Caffeine 1 11000 0.15 1.56 0.77 13000 16.83 ***
NegAff mean 1 214 0.06 0.08 0.08 214 0.68
Ethnic 2 214 2.03 0.77 1.29 214 0.67
Gender 1 214 23.13 *** 6.69 * 14.60 ** 214 0.82
Ethnic x Gender 2 214 3.19 * 3.84 * 4.14 * 214 0.65
Genotype 2 214 0.72 0.23 0.48 214 0.67
Ethnic x Genotype 4 214 2.89 * 3.52 ** 3.79 ** 214 1.52
Gender x Genotype 2 214 0.45 2.48 1.49 214 1.25
Ethnic x Gender x Genotype 2 214 3.07 * 5.27 ** 4.44 * 214 0.18
OA 1 214 0.95 0.25 0.60 214 0.00
OA x Ethnic 2 214 0.75 0.42 0.58 214 1.94
OA x Gender 1 214 2.78 0.75 1.69 214 0.05
OA x Ethnic x Gender 2 214 0.20 1.05 0.70 214 0.22
OA x Genotype 2 214 2.00 0.59 1.21 214 0.44
OA x Ethnic x Genotype 4 214 1.24 0.52 0.89 214 0.25
OA x Gender x Genotype 2 214 1.68 0.32 0.80 214 0.30
OA x Ethnic x Gender x Genotype 2 214 0.35 0.34 0.08 214 2.95
NegAff 1 11000 1.19 1.14 1.39 13000 0.10
NegAff x Ethnic 2 11000 0.27 0.18 0.36 13000 0.29
NegAff x Gender 1 11000 1.59 0.00 0.33 13000 0.29
NegAff x Ethnic x Gender 2 11000 0.37 2.67 1.75 13000 0.17
NegAff x Genotype 2 11000 1.61 0.14 0.67 13000 0.33
NegAff x Ethnic x Genotype 4 11000 1.73 0.18 0.53 13000 1.06
NegAff x Gender x Genotype 2 11000 1.92 1.30 1.77 13000 0.17
NegAff x Ethnic x Gender x Genotype 2 11000 1.11 3.02 * 3.26 * 13000 0.61
OA x NegAff 1 11000 0.13 0.34 0.03 13000 0.09
OA x NegAff x Ethnic 2 11000 0.25 0.51 0.43 13000 0.12
OA x NegAff x Gender 1 11000 0.16 0.99 0.94 13000 0.36
OA x NegAff x Ethnic x Gender 2 11000 0.90 0.58 0.69 13000 1.99
OA x NegAff x Genotype 2 11000 1.29 0.44 0.83 13000 0.03
OA x NegAff x Ethnic x Genotype 4 11000 0.58 0.43 0.52 13000 0.78
OA x NegAff x Gender x Genotype 2 11000 0.48 1.22 0.80 13000 0.24
OA x NegAff x Ethnic x Gender x Genotype 2 11000 0.47 2.57 2.06 13000 1.67
Note: Genotype variable includes HiHi, HiLo  and LoLo  groups.
* p<.05, ** p<.01, *** p<.001
Table 10






Cell sizes for ethnic by gender by genotype groups
Ethnicity Gender Genotype N Percent
Indians Males HiHi 3 4.3
HiLo 18 25.7
LoLo 17 24.3
Females HiHi 1 1.4
HiLo 22 31.4
LoLo 9 12.9
Chinese Males HiHi 4 3.4
HiLo 32 26.9
LoLo 25 21.0
Females HiHi 7 5.9
HiLo 22 18.5
LoLo 29 24.4
Malay Males HiHi 3 5.1
HiLo 12 20.3
LoLo 11 18.6
Females HiHi 1 1.7
HiLo 12 20.3
LoLo 20 33.9
Note:  Genotype variable consists of HiHi, HiLo  and
 LoLo  groups.
Table 12
Four-way ANOVA on emotion variables (analysis with anger-in)
Type III Type III
Effect df SS MS F Sig. SS MS F Sig.
Ethnic 2 1.72 0.86 3.61 0.0288 1.87 0.93 5.79 0.0036
Gender 1 0.92 0.92 3.87 0.0504 0.20 0.20 1.26 0.2627
Ethnic x Gender 2 0.03 0.01 0.06 0.9421 0.36 0.18 1.10 0.3333
Genotype 1 0.08 0.08 0.32 0.5723 0.15 0.15 0.96 0.3286
Ethnic x Genotype 2 0.01 0.00 0.01 0.9887 0.15 0.08 0.48 0.6207
Gender x Genotype 1 0.29 0.29 1.21 0.2732 0.01 0.01 0.07 0.7959
Ethnic x Gender x Genotype 2 0.31 0.15 0.64 0.5282 0.41 0.21 1.28 0.2814
AI 1 1.96 1.96 8.22 0.0046 0.80 0.80 4.98 0.0268
AI x Ethnic 2 0.28 0.14 0.58 0.5617 0.07 0.04 0.23 0.7960
AI x Gender 1 0.27 0.27 1.15 0.2856 0.03 0.03 0.22 0.6427
AI x Ethnic x Gender 2 0.58 0.29 1.22 0.2969 0.27 0.14 0.85 0.4275
AI x Genotype 1 0.05 0.05 0.20 0.6563 0.03 0.03 0.19 0.6663
AI x Ethnic x Genotype 2 0.24 0.12 0.50 0.6090 0.08 0.04 0.26 0.7718
AI x Gender x Genotype 1 0.31 0.31 1.31 0.2531 0.21 0.21 1.28 0.2589
AI x Ethnic x Gender x Genotype 2 0.17 0.09 0.36 0.6948 0.02 0.01 0.07 0.9332
































Four-way ANOVA on emotion variables (analysis with anger-in) 
Type III Type III
Effect df SS MS F Sig. SS MS F Sig.
Ethnic 2 1.15 0.57 2.55 0.0803 1.60 0.80 2.30 0.1033
Gender 1 0.75 0.75 3.35 0.0685 2.49 2.49 7.16 0.0081
Ethnic x Gender 2 0.23 0.12 0.52 0.5949 0.34 0.17 0.48 0.6178
Genotype 1 0.04 0.04 0.18 0.6698 0.04 0.04 0.12 0.7258
Ethnic x Genotype 2 0.04 0.02 0.08 0.9232 0.33 0.17 0.48 0.6198
Gender x Genotype 1 0.03 0.03 0.12 0.7248 0.62 0.62 1.78 0.1841
Ethnic x Gender x Genotype 2 1.05 0.53 2.34 0.0987 0.95 0.48 1.37 0.2571
AI 1 2.44 2.44 10.85 0.0012 3.20 3.20 9.20 0.0027
AI x Ethnic 2 0.42 0.21 0.94 0.3938 1.18 0.59 1.70 0.1854
AI x Gender 1 0.51 0.51 2.29 0.1317 1.03 1.03 2.95 0.0874
AI x Ethnic x Gender 2 0.36 0.18 0.81 0.4465 0.50 0.25 0.72 0.4894
AI x Genotype 1 0.02 0.02 0.11 0.7400 0.12 0.12 0.34 0.5588
AI x Ethnic x Genotype 2 0.15 0.08 0.34 0.7090 0.26 0.13 0.38 0.6849
AI x Gender x Genotype 1 0.03 0.03 0.12 0.7317 0.64 0.64 1.84 0.1768
AI x Ethnic x Gender x Genotype 2 0.04 0.02 0.08 0.9194 0.12 0.06 0.17 0.8440
Corrected total 228 53.80 84.18
Frustration Stress
Table 12 (continued)
Four-way ANOVA on emotion variables (analysis with anger-in)
Type III
Effect df SS MS F Sig.
Ethnic 2 1.62 0.81 4.16 0.0169
Gender 1 0.96 0.96 4.94 0.0274
Ethnic x Gender 2 0.22 0.11 0.56 0.5718
Genotype 1 0.02 0.02 0.10 0.7548
Ethnic x Genotype 2 0.02 0.01 0.05 0.9517
Gender x Genotype 1 0.19 0.19 0.96 0.3275
Ethnic x Gender x Genotype 2 0.62 0.31 1.59 0.2060
AI 1 2.01 2.01 10.37 0.0015
AI x Ethnic 2 0.29 0.14 0.75 0.4753
AI x Gender 1 0.38 0.38 1.93 0.1659
AI x Ethnic x Gender 2 0.21 0.11 0.55 0.5760
AI x Genotype 1 0.00 0.00 0.01 0.9215
AI x Ethnic x Genotype 2 0.16 0.08 0.40 0.6684
AI x Gender x Genotype 1 0.24 0.24 1.23 0.2694
AI x Ethnic x Gender x Genotype 2 0.02 0.01 0.06 0.9412































Four-way ANOVA on emotion variables (analysis with outward-anger)
Type III Type III
Effect df SS MS F Sig. SS MS F Sig.
Ethnic 2 1.24 0.62 2.66 0.0723 1.54 0.77 5.20 0.0063
Gender 1 0.79 0.79 3.40 0.0666 0.11 0.11 0.75 0.3877
Ethnic x Gender 2 0.08 0.04 0.17 0.8428 0.41 0.20 1.37 0.2567
Genotype 1 0.03 0.03 0.15 0.7008 0.16 0.16 1.05 0.3066
Ethnic x Genotype 2 0.26 0.13 0.56 0.5735 0.25 0.13 0.85 0.4292
Gender x Genotype 1 0.30 0.30 1.28 0.2601 0.00 0.00 0.01 0.9118
Ethnic x Gender x Genotype 2 0.23 0.12 0.50 0.6059 0.16 0.08 0.54 0.5841
OA 1 0.22 0.22 0.93 0.3367 1.72 1.72 11.59 0.0008
OA x Ethnic 2 0.79 0.40 1.70 0.1852 0.36 0.18 1.23 0.2947
OA x Gender 1 0.08 0.08 0.35 0.5542 0.02 0.02 0.14 0.7093
OA x Ethnic x Gender 2 1.14 0.57 2.44 0.0895 0.03 0.01 0.10 0.9084
OA x Genotype 1 0.61 0.61 2.60 0.1086 0.36 0.36 2.43 0.1207
OA x Ethnic x Genotype 2 0.96 0.48 2.06 0.1299 0.20 0.10 0.69 0.5043
OA x Gender x Genotype 1 0.09 0.09 0.40 0.5259 0.03 0.03 0.23 0.6346
OA x Ethnic x Gender x Genotype 2 0.79 0.40 1.70 0.1859 0.22 0.11 0.73 0.4823
Corrected total 228 57.00 37.42
Sadness Anger
Table 13 (continued)
Four-way ANOVA on emotion variables (analysis with outward-anger)
Type III Type III
Effect df SS MS F Sig. SS MS F Sig.
Ethnic 2 0.88 0.44 1.99 0.1389 0.98 0.49 1.38 0.2549
Gender 1 0.72 0.72 3.26 0.0726 2.71 2.71 7.60 0.0063
Ethnic x Gender 2 0.34 0.17 0.78 0.4611 0.37 0.18 0.51 0.5989
Genotype 1 0.06 0.06 0.28 0.5959 0.00 0.00 0.00 0.9983
Ethnic x Genotype 2 0.16 0.08 0.35 0.7046 1.12 0.56 1.57 0.2096
Gender x Genotype 1 0.00 0.00 0.02 0.8944 0.10 0.10 0.28 0.6000
Ethnic x Gender x Genotype 2 0.24 0.12 0.55 0.5800 0.05 0.02 0.06 0.9376
OA 1 1.33 1.33 6.00 0.0152 0.36 0.36 1.01 0.3155
OA x Ethnic 2 0.66 0.33 1.49 0.2270 1.04 0.52 1.46 0.2341
OA x Gender 1 0.01 0.01 0.06 0.8018 0.08 0.08 0.22 0.6388
OA x Ethnic x Gender 2 0.22 0.11 0.49 0.6114 0.11 0.06 0.16 0.8537
OA x Genotype 1 0.68 0.68 3.05 0.0821 1.33 1.33 3.72 0.0550
OA x Ethnic x Genotype 2 0.46 0.23 1.05 0.3531 0.79 0.39 1.11 0.3328
OA x Gender x Genotype 1 0.07 0.07 0.32 0.5750 0.40 0.40 1.13 0.2887
OA x Ethnic x Gender x Genotype 2 0.38 0.19 0.86 0.4252 1.39 0.69 1.95 0.1451














Four-way ANOVA on emotion variables (analysis with outward-anger) 
Type III
Effect df SS MS F Sig.
Ethnic 2 1.23 0.61 3.22 0.0420
Gender 1 0.90 0.90 4.72 0.0310
Ethnic x Gender 2 0.26 0.13 0.68 0.5073
Genotype 1 0.03 0.03 0.17 0.6789
Ethnic x Genotype 2 0.34 0.17 0.88 0.4165
Gender x Genotype 1 0.06 0.06 0.32 0.5729
Ethnic x Gender x Genotype 2 0.13 0.07 0.34 0.7096
OA 1 0.78 0.78 4.07 0.0449
OA x Ethnic 2 0.67 0.34 1.77 0.1730
OA x Gender 1 0.01 0.01 0.04 0.8413
OA x Ethnic x Gender 2 0.16 0.08 0.41 0.6657
OA x Genotype 1 0.68 0.68 3.54 0.0612
OA x Ethnic x Genotype 2 0.47 0.24 1.24 0.2925
OA x Gender x Genotype 1 0.12 0.12 0.65 0.4216
OA x Ethnic x Gender x Genotype 2 0.56 0.28 1.48 0.2307
Corrected total 228 46.97
Negative Affect
Anger Frustration Stress Sadness Negative Affect
Anger-In 0.13* 0.22** 0.19** 0.19** 0.20**
Outward-Anger 0.31** 0.29** 0.20** 0.20** 0.27**
Notes:  N=229 for all correlations.
* p<.05, ** p<.01, *** p<.001
Table 14













































Effect Num dfDen df Den df
BMI 1 203 0.79 0.00 0.23 203 2.07
Physical Activity 1 11000 194.22 *** 155.71 *** 209.06 *** 12000 197.48 ***
Standing 1 11000 365.12 *** 851.02 *** 784.14 *** 12000 1158.10 ***
Sitting 1 11000 123.46 *** 449.33 *** 358.63 *** 12000 159.37 ***
Hot 1 11000 7.02 ** 0.68 3.37 12000 114.25 ***
Cold 1 11000 0.06 3.94 * 1.32 12000 80.39 ***
Talk 1 11000 20.37 *** 82.18 *** 66.35 *** 12000 62.10 ***
Smoke 1 11000 0.18 1.31 0.64 12000 17.41 ***
Eat 1 11000 68.89 *** 15.10 *** 42.34 *** 12000 138.82 ***
Caffeine 1 11000 0.49 0.63 0.59 12000 0.18
Angry mean 1 203 0.16 0.18 0.22 203 1.79
Ethnic 2 203 0.83 0.56 0.33 203 4.09 *
Gender 1 203 44.75 *** 1.95 16.36 *** 203 11.21 **
Ethnic x Gender 2 203 1.27 3.94 * 2.98 203 0.89
Genotype 1 203 0.43 0.31 0.45 203 0.40
Ethnic x Genotype 2 203 3.67 * 4.10 * 4.55 * 203 0.98
Gender x Genotype 1 203 0.45 2.55 1.65 203 0.35
Ethnic x Gender x Genotype 2 203 4.06 * 5.66 ** 5.12 ** 203 0.72
AI 1 203 1.22 0.52 0.95 203 1.45
AI x Ethnic 2 203 0.95 1.33 1.12 203 0.51
AI x Gender 1 203 1.98 0.00 0.46 203 1.96
AI x Ethnic x Gender 2 203 1.19 1.39 0.89 203 0.31
AI x Genotype 1 203 0.51 0.40 0.54 203 0.11
AI x Ethnic x Genotype 2 203 0.12 0.62 0.40 203 0.21
AI x Gender x Genotype 1 203 0.54 0.01 0.16 203 0.58
AI x Ethnic x Gender x Genotype 2 203 0.96 3.27 * 2.42 203 0.97
Angry 1 11000 0.97 0.00 0.06 12000 2.88
Angry x Ethnic 2 11000 0.16 0.58 0.27 12000 0.88
Angry x Gender 1 11000 0.39 0.39 0.60 12000 2.39
Angry x Ethnic x Gender 2 11000 0.92 1.56 1.44 12000 3.72 *
Angry x Genotype 1 11000 0.00 0.83 1.15 12000 0.01
Angry x Ethnic x Genotype 2 11000 1.47 0.86 0.65 12000 1.71
Angry x Gender x Genotype 1 11000 0.42 4.27 * 3.61 12000 0.36
Angry x Ethnic x Gender x Genotype 2 11000 0.81 1.09 1.58 12000 0.15
AI x Angry 1 11000 0.89 0.00 0.11 12000 3.53
AI x Angry x Ethnic 2 11000 0.12 0.75 0.29 12000 1.57
AI x Angry x Gender 1 11000 0.94 0.05 0.13 12000 3.75
AI x Angry x Ethnic x Gender 2 11000 0.14 1.18 0.72 12000 4.25 *
AI x Angry x Genotype 1 11000 0.35 0.00 0.00 12000 3.67
AI x Angry x Ethnic x Genotype 2 11000 0.05 0.37 0.28 12000 0.28
AI x Angry x Gender x Genotype 1 11000 0.16 2.14 1.88 12000 0.00
AI x Angry x Ethnic x Gender x Genotype 2 11000 0.56 4.26 * 3.21 * 12000 1.64
* p<.05, ** p<.01, *** p<.001
SBP DBP MAP HR
F F F F
Table 15
Tests of fixed effects for time-varying anger using anger-in for all dependent variables






Effect Num dfDen df Den df
BMI 1 203 0.78 0.00 0.22 203 2.09
Physical Activity 1 11000 195.58*** 155.43*** 209.40*** 12000 199.11***
Standing 1 11000 365.00*** 855.35*** 785.97*** 12000 1155.60***
Sitting 1 11000 123.85*** 450.31*** 358.79*** 12000 156.79***
Hot 1 11000 7.38 ** 0.70 3.52 12000 115.11***
Cold 1 11000 0.08 4.06 * 1.41 12000 79.29***
Talk 1 11000 20.40*** 82.52*** 66.44*** 12000 63.76***
Smoke 1 11000 0.17 1.33 0.66 12000 17.46***
Eat 1 11000 68.94*** 15.64*** 43.21*** 12000 136.43***
Caffeine 1 11000 0.46 0.42 0.42 12000 0.20
Frustration mean 1 203 0.41 0.28 0.41 203 2.70
Ethnic 2 203 0.83 0.55 0.32 203 4.25 *
Gender 1 203 44.91*** 2.01 16.58*** 203 10.51 **
Ethnic x Gender 2 203 1.27 3.90 * 2.95 203 0.93
Genotype 1 203 0.40 0.30 0.43 203 0.47
Ethnic x Genotype 2 203 3.62 * 4.10 * 4.54 * 203 0.93
Gender x Genotype 1 203 0.45 2.54 1.65 203 0.35
Ethnic x Gender x Genotype 2 203 4.15 * 5.70 ** 5.21 ** 203 0.81
AI 1 203 1.38 0.60 1.08 203 1.84
AI x Ethnic 2 203 0.92 1.36 1.12 203 0.62
AI x Gender 1 203 1.80 0.00 0.41 203 2.27
AI x Ethnic x Gender 2 203 1.20 1.46 0.93 203 0.33
AI x Genotype 1 203 0.52 0.45 0.57 203 0.09
AI x Ethnic x Genotype 2 203 0.14 0.63 0.42 203 0.20
AI x Gender x Genotype 1 203 0.55 0.01 0.17 203 0.50
AI x Ethnic x Gender x Genotype 2 203 0.95 3.29 * 2.42 203 1.01
Frustration 1 11000 0.39 0.62 0.17 12000 0.03
Frustration x Ethnic 2 11000 2.01 0.20 0.68 12000 2.20
Frustration x Gender 1 11000 2.41 6.61 * 5.59 * 12000 0.70
Frustration x Ethnic x Gender 2 11000 0.33 2.32 1.29 12000 0.64
Frustration x Genotype 1 11000 2.62 0.43 2.39 12000 1.00
Frustration x Ethnic x Genotype 2 11000 0.55 1.92 0.72 12000 0.45
Frustration x Gender x Genotype 1 11000 0.17 2.53 1.61 12000 0.50
Frustration x Ethnic x Gender x Genotype 2 11000 0.33 0.44 0.85 12000 0.42
AI x Frustration 1 11000 0.06 0.40 0.61 12000 5.98 *
AI x Frustration x Ethnic 2 11000 0.39 3.67 * 2.28 12000 3.62 *
AI x Frustration x Gender 1 11000 0.07 0.06 0.09 12000 3.63
AI x Frustration x Ethnic x Gender 2 11000 1.08 3.74 * 2.87 12000 4.82 **
AI x Frustration x Genotype 1 11000 0.02 0.10 0.00 12000 4.07 *
AI x Frustration x Ethnic x Genotype 2 11000 0.44 2.58 1.85 12000 1.13
AI x Frustration x Gender x Genotype 1 11000 0.37 0.45 0.43 12000 3.45
AI x Frustration x Ethnic x Gender x Genotype 2 11000 0.72 4.36 * 3.31 * 12000 3.00 *
* p<.05, ** p<.01, *** p<.001
F F F F
SBP DBP MAP HR
Table 16





Effect Num dfDen df Den df
BMI 1 203 0.84 0.01 0.25 203 1.77
Physical Activity 1 11000 191.58 *** 153.26 *** 205.75 *** 12000 195.15 ***
Standing 1 11000 365.33 *** 851.13 *** 784.64 *** 12000 1154.29 ***
Sitting 1 11000 124.64 *** 449.91 *** 359.80 *** 12000 155.99 ***
Hot 1 11000 7.23 ** 0.51 3.11 12000 113.49 ***
Cold 1 11000 0.06 4.00 * 1.37 12000 79.61 ***
Talk 1 11000 20.26 *** 81.59 *** 65.91 *** 12000 63.73 ***
Smoke 1 11000 0.16 1.58 0.79 12000 17.24 ***
Eat 1 11000 69.89 *** 15.46 *** 43.22 *** 12000 139.19 ***
Caffeine 1 11000 0.60 0.59 0.60 12000 0.13
Stress mean 1 203 0.51 0.15 0.35 203 1.57
Ethnic 2 203 0.87 0.52 0.31 203 4.29 *
Gender 1 203 44.70 *** 1.98 16.5*** *** 203 10.26 **
Ethnic x Gender 2 203 1.26 3.97 * 2.97 203 0.97
Genotype 1 203 0.37 0.29 0.41 203 0.61
Ethnic x Genotype 2 203 3.81 * 4.22 * 4.73** ** 203 1.09
Gender x Genotype 1 203 0.52 2.66 1.80 203 0.44
Ethnic x Gender x Genotype 2 203 4.01 * 5.69 ** 5.15** ** 203 0.79
AI 1 203 1.38 0.54 1.02 203 1.52
AI x Ethnic 2 203 1.01 1.38 1.20 203 0.61
AI x Gender 1 203 1.81 0.00 0.43 203 2.15
AI x Ethnic x Gender 2 203 1.16 1.31 0.82 203 0.20
AI x Genotype 1 203 0.41 0.36 0.46 203 0.17
AI x Ethnic x Genotype 2 203 0.14 0.64 0.43 203 0.23
AI x Gender x Genotype 1 203 0.48 0.00 0.13 203 0.64
AI x Ethnic x Gender x Genotype 2 203 0.95 3.31 * 2.43 203 0.93
Stress 1 11000 2.72 0.46 1.51 12000 0.02
Stress x Ethnic 2 11000 0.33 2.57 2.44 12000 0.34
Stress x Gender 1 11000 0.34 0.60 0.02 12000 0.15
Stress x Ethnic x Gender 2 11000 0.62 0.08 0.18 12000 0.58
Stress x Genotype 1 11000 0.28 0.00 0.02 12000 0.25
Stress x Ethnic x Genotype 2 11000 4.11 * 0.05 0.71 12000 1.27
Stress x Gender x Genotype 1 11000 3.26 0.03 0.51 12000 1.58
Stress x Ethnic x Gender x Genotype 2 11000 0.48 1.01 0.87 12000 0.03
AI x Stress 1 11000 1.46 0.01 0.38 12000 0.05
AI x Stress x Ethnic 2 11000 0.72 1.22 0.91 12000 6.39 *
AI x Stress x Gender 1 11000 0.00 0.53 0.48 12000 8.36 *
AI x Stress x Ethnic x Gender 2 11000 0.29 0.90 0.59 12000 1.70
AI x Stress x Genotype 1 11000 1.20 0.20 0.00 12000 2.05
AI x Stress x Ethnic x Genotype 2 11000 1.26 0.29 0.27 12000 1.01
AI x Stress x Gender x Genotype 1 11000 0.00 0.59 0.08 12000 0.89
AI x Stress x Ethnic x Gender x Genotype 2 11000 0.45 1.86 1.59 12000 3.49 *
* p<.05, ** p<.01, *** p<.001
SBP DBP MAP HR
F F F F
Table 17




Effect Num dfDen df Den df
BMI 1 203 0.84 0.00 0.24 203 1.86
Physical Activity 1 11000 196.23 *** 155.61 *** 210.42 *** 12000 199.78 ***
Standing 1 11000 361.90 *** 849.50 *** 780.53 *** 12000 1152.59 ***
Sitting 1 11000 122.79 *** 449.38 *** 357.73 *** 12000 157.72 ***
Hot 1 11000 7.58 ** 0.66 3.50 12000 114.53 ***
Cold 1 11000 0.12 4.23 * 1.54 12000 79.93 ***
Talk 1 11000 21.31 *** 81.97 *** 66.96 *** 12000 62.48 ***
Smoke 1 11000 0.17 1.26 0.59 12000 17.63 ***
Eat 1 11000 68.68 *** 15.38 *** 42.79 *** 12000 142.64 ***
Caffeine 1 11000 0.64 0.58 0.61 12000 0.11
Sadness mean 1 203 0.00 0.38 0.16 203 0.52
Ethnic 2 203 0.78 0.58 0.31 203 4.45 *
Gender 1 203 43.76 *** 2.07 16.35 *** 203 11.14 **
Ethnic x Gender 2 203 1.32 3.98 * 3.01 203 1.04
Genotype 1 203 0.40 0.32 0.44 203 0.51
Ethnic x Genotype 2 203 3.64 * 4.07 * 4.54 * 203 0.96
Gender x Genotype 1 203 0.43 2.68 1.71 203 0.35
Ethnic x Gender x Genotype 2 203 3.98 * 5.80 ** 5.15 ** 203 0.66
AI 1 203 1.10 0.64 0.99 203 1.26
AI x Ethnic 2 203 0.94 1.35 1.11 203 0.51
AI x Gender 1 203 1.91 0.01 0.42 203 1.93
AI x Ethnic x Gender 2 203 1.13 1.41 0.88 203 0.27
AI x Genotype 1 203 0.47 0.37 0.49 203 0.16
AI x Ethnic x Genotype 2 203 0.13 0.61 0.41 203 0.25
AI x Gender x Genotype 1 203 0.57 0.00 0.15 203 0.55
AI x Ethnic x Gender x Genotype 2 203 0.92 3.21 * 2.35 203 0.98
Sadness 1 11000 0.73 0.35 0.72 12000 0.04
Sadness x Ethnic 2 11000 5.10 ** 1.45 3.11 * 12000 1.01
Sadness x Gender 1 11000 0.63 1.12 1.14 12000 0.53
Sadness x Ethnic x Gender 2 11000 0.34 3.07 * 1.92 12000 0.54
Sadness x Genotype 1 11000 0.12 0.30 0.76 12000 0.33
Sadness x Ethnic x Genotype 2 11000 1.05 0.01 0.10 12000 0.26
Sadness x Gender x Genotype 1 11000 0.23 0.04 0.01 12000 0.07
Sadness x Ethnic x Gender x Genotype 2 11000 1.78 2.22 2.94 12000 0.12
AI x Sadness 1 11000 0.53 0.70 0.35 12000 3.21
AI x Sadness x Ethnic 2 11000 2.23 0.13 0.75 12000 2.85
AI x Sadness x Gender 1 11000 0.51 0.55 0.52 12000 1.56
AI x Sadness x Ethnic x Gender 2 11000 0.21 0.54 0.53 12000 0.03
AI x Sadness x Genotype 1 11000 0.08 1.02 0.72 12000 0.08
AI x Sadness x Ethnic x Genotype 2 11000 1.45 0.52 0.76 12000 0.28
AI x Sadness x Gender x Genotype 1 11000 0.03 0.12 0.25 12000 0.41
AI x Sadness x Ethnic x Gender x Genotype 2 11000 1.10 0.77 0.09 12000 0.30
* p<.05, ** p<.01, *** p<.001
F F F F
SBP DBP MAP HR
Table 18





Effect Num dfDen df Den df
BMI 1 203 0.91 0.09 0.08 203 1.82
Physical Activity 1 11000 194.8 *** 156.35 *** 210.06 *** 11000 197.97 ***
Standing 1 11000 368.1 *** 856.72 *** 789.39 *** 11000 1159.41 ***
Sitting 1 11000 124.5 *** 451.87 *** 360.77 *** 11000 159.73 ***
Hot 1 11000 6.91 ** 0.59 3.19 11000 112.49 ***
Cold 1 11000 0.07 3.90 * 1.34 11000 79.32 ***
Talk 1 11000 20.24 *** 80.81 *** 65.67 *** 11000 60.98 ***
Smoke 1 11000 0.16 1.32 0.64 11000 17.21 **
Eat 1 11000 68.95 *** 15.15 *** 42.47 *** 11000 140.66 ***
Caffeine 1 11000 0.54 0.73 0.68 11000 0.21
Anger mean 1 203 0.06 0.12 0.12 203 1.63
Ethnic 2 203 0.9 0.93 0.58 203 5.25 **
Gender 1 203 41.44 *** 2.16 15.74 *** 203 12.16 ***
Ethnic x Gender 2 203 3.26 * 3.87 * 4.19 * 203 0.62
Genotype 1 203 0.54 0.05 0.27 203 0.07
Ethnic x Genotype 2 203 4.22 * 5.19 ** 5.62 ** 203 1.48
Gender x Genotype 1 203 0.02 1.61 0.72 203 0.44
Ethnic x Gender x Genotype 2 203 3.22 * 5.46 ** 4.67 * 203 0.17
OA 1 203 1.43 0.53 1.00 203 1.43
OA x Ethnic 2 203 1.56 1.49 1.60 203 1.37
OA x Gender 1 203 0.95 0.12 0.45 203 4.16 *
OA x Ethnic x Gender 2 203 0.22 1.06 0.72 203 0.19
OA x Genotype 1 203 0.44 0.05 0.04 203 0.35
OA x Ethnic x Genotype 2 203 0.23 0.25 0.26 203 0.07
OA x Gender x Genotype 1 203 1.61 0.00 0.38 203 0.10
OA x Ethnic x Gender x Genotype 2 203 0.36 0.32 0.08 203 2.95
Anger 1 11000 0.13 2.39 1.13 11000 0.65
Anger x Ethnic 2 11000 0.22 0.38 0.17 11000 0.54
Anger x Gender 1 11000 0.37 1.88 1.45 11000 1.84
Anger x Ethnic x Gender 2 11000 1.12 1.90 1.87 11000 1.47
Anger x Genotype 1 11000 0.01 0.25 0.44 11000 0.02
Anger x Ethnic x Genotype 2 11000 0.93 1.08 0.57 11000 2.04
Anger x Gender x Genotype 1 11000 0.47 1.24 1.29 11000 0.37
Anger x Ethnic x Gender x Genotype 2 11000 0.82 1.59 1.80 11000 0.76
OA x Anger 1 11000 1.49 0.71 1.29 11000 0.48
OA x Anger x Ethnic 2 11000 0.45 0.24 0.28 11000 2.10
OA x Anger x Gender 1 11000 0.53 0.20 0.18 11000 1.12
OA x Anger x Ethnic x Gender 2 11000 0.02 1.25 0.56 11000 2.48
OA x Anger x Genotype 1 11000 0.82 0.04 0.05 11000 0.03
OA x Anger x Ethnic x Genotype 2 11000 0.51 0.62 0.73 11000 2.52
OA x Anger x Gender x Genotype 1 11000 0.04 0.06 0.01 11000 0.04
OA x Anger x Ethnic x Gender x Genotype 2 11000 0.97 2.66 2.17 11000 0.72












Effect Num dfDen df Den df
BMI 1 203 0.92 0.10 0.08 203 1.76
Physical Activity 1 11000 197.60*** 155.57*** 210.47*** 11000 199.67***
Standing 1 11000 364.24*** 854.17*** 784.43*** 11000 1156.44***
Sitting 1 11000 123.53*** 447.85*** 356.99*** 11000 158.37***
Hot 1 11000 7.23 ** 0.75 3.51 11000 114.79***
Cold 1 11000 0.08 4.05 * 1.43 11000 79.32***
Talk 1 11000 19.88*** 81.31*** 65.37*** 11000 63.10***
Smoke 1 11000 0.14 1.22 0.59 11000 17.07***
Eat 1 11000 68.78*** 15.58*** 43.14*** 11000 138.73***
Caffeine 1 11000 0.48 0.45 0.46 11000 0.18
Frustration mean 1 203 0.07 0.08 0.10 203 1.22
Ethnic 2 203 0.89 0.91 0.55 203 5.72 **
Gender 1 203 41.03*** 2.21 15.72*** 203 11.59 **
Ethnic x Gender 2 203 3.25 * 3.82 * 4.16 * 203 0.65
Genotype 1 203 0.50 0.05 0.25 203 0.11
Ethnic x Genotype 2 203 4.23 * 5.18 ** 5.61 ** 203 1.42
Gender x Genotype 1 203 0.02 1.55 0.68 203 0.40
Ethnic x Gender x Genotype 2 203 3.22 * 5.43 ** 4.67 * 203 0.16
OA 1 203 1.43 0.49 0.97 203 1.22
OA x Ethnic 2 203 1.55 1.47 1.58 203 1.47
OA x Gender 1 203 0.99 0.13 0.48 203 4.18 *
OA x Ethnic x Gender 2 203 0.22 1.09 0.74 203 0.19
OA x Genotype 1 203 0.41 0.05 0.03 203 0.35
OA x Ethnic x Genotype 2 203 0.23 0.24 0.25 203 0.07
OA x Gender x Genotype 1 203 1.55 0.00 0.36 203 0.10
OA x Ethnic x Gender x Genotype 2 203 0.37 0.33 0.09 203 2.75
Frustration 1 11000 0.01 4.24 * 2.04 11000 1.27
Frustration x Ethnic 2 11000 1.55 0.35 0.37 11000 2.07
Frustration x Gender 1 11000 2.12 8.98 ** 6.60 * 11000 1.25
Frustration x Ethnic x Gender 2 11000 0.14 2.40 1.35 11000 0.09
Frustration x Genotype 1 11000 2.08 0.00 0.86 11000 0.81
Frustration x Ethnic x Genotype 2 11000 0.37 0.26 0.05 11000 0.74
Frustration x Gender x Genotype 1 11000 0.11 0.42 0.06 11000 1.19
Frustration x Ethnic x Gender x Genotype 2 11000 0.37 0.65 0.59 11000 0.89
OA x Frustration 1 11000 0.47 0.04 0.13 11000 1.30
OA x Frustration x Ethnic 2 11000 0.54 0.32 0.04 11000 1.12
OA x Frustration x Gender 1 11000 0.00 0.13 0.01 11000 2.57
OA x Frustration x Ethnic x Gender 2 11000 0.04 0.87 0.44 11000 2.14
OA x Frustration x Genotype 1 11000 0.01 0.00 0.01 11000 0.04
OA x Frustration x Ethnic x Genotype 2 11000 3.05 * 0.52 1.35 11000 1.56
OA x Frustration x Gender x Genotype 1 11000 0.25 0.10 0.00 11000 0.22
OA x Frustration x Ethnic x Gender x Genotype 2 11000 1.64 2.60 2.52 11000 0.88












Effect Num dfDen df Den df
BMI 1 203 0.91 0.08 0.09 203 1.64
Physical Activity 1 11000 193.51 *** 152.37 *** 206.35 *** 11000 197.86 ***
Standing 1 11000 366.79 *** 857.03 *** 788.96 *** 11000 1152.34 ***
Sitting 1 11000 125.77 *** 453.77 *** 362.78 *** 11000 157.12 ***
Hot 1 11000 7.37 * 0.62 3.32 11000 113.82 ***
Cold 1 11000 0.09 4.14 * 1.47 11000 78.90 ***
Talk 1 11000 19.62 *** 80.33 *** 64.62 *** 11000 62.09 ***
Smoke 1 11000 0.08 1.29 0.58 11000 16.82 ***
Eat 1 11000 70.71 *** 15.74 *** 43.85 *** 11000 139.38 ***
Caffeine 1 11000 0.49 0.58 0.55 11000 0.17
Stress mean 1 203 0.13 0.13 0.15 203 0.71
Ethnic 2 203 0.88 0.91 0.54 203 5.97 **
Gender 1 203 40.88 *** 2.31 15.85 *** 203 11.30 **
Ethnic x Gender 2 203 3.23 * 3.83 * 4.15 * 203 0.64
Genotype 1 203 0.51 0.05 0.25 203 0.14
Ethnic x Genotype 2 203 4.26 * 5.26 ** 5.69 ** 203 1.49
Gender x Genotype 1 203 0.02 1.62 0.72 203 0.47
Ethnic x Gender x Genotype 2 203 3.14 * 5.41 ** 4.62 * 203 0.17
OA 1 203 1.40 0.44 0.90 203 0.99
OA x Ethnic 2 203 1.51 1.40 1.51 203 1.54
OA x Gender 1 203 1.05 0.15 0.51 203 3.99 *
OA x Ethnic x Gender 2 203 0.24 1.10 0.76 203 0.17
OA x Genotype 1 203 0.39 0.06 0.03 203 0.40
OA x Ethnic x Genotype 2 203 0.22 0.22 0.23 203 0.04
OA x Gender x Genotype 1 203 1.53 0.00 0.35 203 0.09
OA x Ethnic x Gender x Genotype 2 203 0.33 0.35 0.08 203 2.87
Stress 1 11000 1.90 0.33 1.03 11000 0.00
Stress x Ethnic 2 11000 0.36 1.77 1.35 11000 0.11
Stress x Gender 1 11000 0.07 0.41 0.03 11000 0.01
Stress x Ethnic x Gender 2 11000 0.93 0.10 0.20 11000 0.60
Stress x Genotype 1 11000 0.37 0.00 0.17 11000 0.49
Stress x Ethnic x Genotype 2 11000 1.47 0.19 0.46 11000 0.70
Stress x Gender x Genotype 1 11000 3.67 * 0.02 0.52 11000 0.69
Stress x Ethnic x Gender x Genotype 2 11000 0.76 1.63 1.77 11000 0.27
OA x Stress 1 11000 2.44 1.18 2.05 11000 0.05
OA x Stress x Ethnic 2 11000 2.81 2.15 1.94 11000 0.33
OA x Stress x Gender 1 11000 1.68 1.64 1.59 11000 0.05
OA x Stress x Ethnic x Gender 2 11000 2.17 0.41 1.09 11000 0.56
OA x Stress x Genotype 1 11000 0.30 0.42 0.02 11000 0.20
OA x Stress x Ethnic x Genotype 2 11000 1.39 1.36 1.87 11000 0.57
OA x Stress x Gender x Genotype 1 11000 0.99 1.26 1.32 11000 0.28
OA x Stress x Ethnic x Gender x Genotype 2 11000 0.22 1.67 1.51 11000 0.83












Effect Num dfDen df Den df
BMI 1 203 0.94 0.09 0.09 203 1.65
Physical Activity 1 11000 196.48*** 154.44*** 209.38*** 11000 201.57***
Standing 1 11000 365.15*** 855.60*** 786.34*** 11000 1154.10***
Sitting 1 11000 124.66*** 452.82*** 361.05*** 11000 158.83***
Hot 1 11000 7.68 ** 0.66 3.55 11000 112.59***
Cold 1 11000 0.11 4.15 * 1.52 11000 79.67***
Talk 1 11000 20.15*** 79.37*** 64.46*** 11000 61.10***
Smoke 1 11000 0.14 1.15 0.53 11000 16.80***
Eat 1 11000 68.95*** 16.23*** 43.79*** 11000 141.63***
Caffeine 1 11000 0.47 0.56 0.54 11000 0.11
Sadness mean 1 203 0.11 0.06 0.00 203 0.00
Ethnic 2 203 0.77 0.93 0.51 203 6.16 **
Gender 1 203 40.23*** 2.18 15.39*** 203 12.53 **
Ethnic x Gender 2 203 3.25 * 3.93 * 4.22 * 203 0.68
Genotype 1 203 0.49 0.05 0.25 203 0.12
Ethnic x Genotype 2 203 4.22 * 5.16 ** 5.59 ** 203 1.42
Gender x Genotype 1 203 0.01 1.55 0.67 203 0.42
Ethnic x Gender x Genotype 2 203 3.15 * 5.39 ** 4.62 * 203 0.18
OA 1 203 1.28 0.41 0.84 203 0.89
OA x Ethnic 2 203 1.58 1.46 1.61 203 1.49
OA x Gender 1 203 0.94 0.13 0.45 203 4.07 *
OA x Ethnic x Gender 2 203 0.25 1.02 0.72 203 0.19
OA x Genotype 1 203 0.51 0.05 0.05 203 0.55
OA x Ethnic x Genotype 2 203 0.20 0.23 0.23 203 0.04
OA x Gender x Genotype 1 203 1.65 0.00 0.41 203 0.14
OA x Ethnic x Gender x Genotype 2 203 0.41 0.35 0.09 203 2.80
Sadness 1 11000 0.05 1.50 1.02 11000 0.25
Sadness x Ethnic 2 11000 5.22 * 1.51 3.13 * 11000 0.08
Sadness x Gender 1 11000 0.03 0.73 0.46 11000 1.77
Sadness x Ethnic x Gender 2 11000 0.36 2.85 1.88 11000 0.84
Sadness x Genotype 1 11000 0.59 0.01 0.38 11000 0.00
Sadness x Ethnic x Genotype 2 11000 0.30 0.06 0.01 11000 2.01
Sadness x Gender x Genotype 1 11000 0.23 0.36 0.50 11000 0.69
Sadness x Ethnic x Gender x Genotype 2 11000 2.01 3.52 * 3.85 * 11000 0.05
OA x Sadness 1 11000 0.91 2.49 1.80 11000 0.56
OA x Sadness x Ethnic 2 11000 0.46 1.08 1.10 11000 3.37 *
OA x Sadness x Gender 1 11000 0.05 0.20 0.00 11000 3.46
OA x Sadness x Ethnic x Gender 2 11000 1.42 2.65 2.50 11000 0.93
OA x Sadness x Genotype 1 11000 0.02 0.15 0.04 11000 0.57
OA x Sadness x Ethnic x Genotype 2 11000 0.90 0.06 0.13 11000 0.30
OA x Sadness x Gender x Genotype 1 11000 0.64 1.47 0.29 11000 0.36
OA x Sadness x Ethnic x Gender x Genotype 2 11000 1.26 0.70 0.93 11000 0.05












List of ethnic by gender groups with significant pairwise differences 
of least-squares means
SBP DBP MAP
Ethnic Gender Ethnic Gender Sig. Sig. Sig.
Indians Males Indians Females 0.0005 0.0192
Indians Males Chinese Females 0.0008 0.0287
Indians Females Chinese Males <.0001 0.0018
Indians Females Malays Males 0.0034
Chinese Males Chinese Females <.0001 0.0006
Chinese Males Malays Females 0.0026
Chinese Females Malays Males 0.0083
Note: Significance levels are Bonferroni adjusted.
Comparisons
Table 24
List of ethnic by gender by genotype groups with significant pairwise differences of 
least-squares means 
SBP DBP MAP
Ethnic Gender Genotype Ethnic Gender Genotype Sig. Sig. Sig.
Indians Males HiLo Indians Females HiLo 0.0439 0.0100
Indian Males HiLo Chinese Females LoLo 0.0409
Indian Males HiLo Malays Males LoLo 0.0073 0.0460
Indian Females HiLo Chinese Males LoLo 0.0001 0.0050 <.0001
Indian Females HiLo Malay Males HiLo 0.0033
Indian Females LoLo Chinese Males LoLo 0.0009 0.0244
Indian Females LoLo Malay Males HiLo 0.0080
Chinese Males HiLo Chinese Males LoLo 0.0307 0.0456
Chinese Males LoLo Chinese Females HiLo <.0001 0.0015
Chinese Males LoLo Chinese Females LoLo <.0001 0.0016
Chinese Males LoLo Malays Males LoLo 0.0011 0.0011
Chinese Males LoLo Malay Females HiLo 0.0185
Chinese Males LoLo Malay Females LoLo 0.0137
Chinese Females HiLo Malay Males HiLo 0.0041
Chinese Females LoLo Malay Males HiLo 0.0031
Note: Significance levels are Bonferroni adjusted.
Comparisons
APPENDIX E. SIGNIFICANCE LEVELS FOR PAIRWISE TESTS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
